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E often hear it said of the elec- 

tric utility business that all the 

major engineering problems 
have been solved and that only refine- 
ments remain. To some degree that is 
true. In the early days of our business 
our problems were predominantly those 
of developing the tools to keep ahead of 
the rapidly rising demand for electric 
service. “Anything, Oh! Lord, to keep 
ahead of the load.” 

Today, the tools and methods to deal 
with the load are very largely available. 
It is no longer a question of whether we 
can produce the physical equipment to 
meet the demand, but rather how to do 
it at a lower cost in the face of the ris- 
ing cost of the component parts which 
we must use. It is to this latter field of 
application engineering that we must 
now direct our attention. 

We are no longer a monopoly. We 
are faced with competition by govern- 
ment agencies whose costs of doing busi- 
ness are ostensibly lower than those of 
the private utilities. Also, following the 
war we shall surely be faced with higher 
taxes than we had before the war. On 
the basis of earlier designs, our equip- 
ment costs would be higher, and in any 
case the cost of labor will be higher than 
we have known in pre-war days. 

To proceed on the basis of orthodox 
methods and practices, in the face of 
such a situation, would be most unwise. 

It seems to me that we would do well 
to profit by the practices of manufac- 
turing companies that regularly do busi- 
ness in highly competitive markets. They 
first determine the type and quality of 
product they must have to satisfy the 
customer, and they next set the price 
at which they think they can sell it in 
competition. This bogey is then turned 





over to the designer and the producer. 
These latter often squirm under the 
pressure, but, when the problem is de- 
fined, they somehow find a way to meet 
it. That is the mechanism of progress. 

Using that approach, we must first 
re-examine the actual needs of our busi- 
ness, and we shall then be in position to 
use our wits to accomplish that result 
with the minimum cost in equipment and 
personnel. 

So much for the frame of mind in 
which we should approach our new 
problems. A proper frame of mind is, in 
my opinion, the single most important 
consideration. With a will to do and 
an understanding of the requirements, 
the battle is often half won. 

The Requirements 

In general, an electrical system is de- 
signed to provide the required amount of 
power within the allowable range of 
voltage and with a suitable degree of 
reliability of service. I shall not deal to 
any extent with the matter of voltage 
since it can be measured with an instru- 
ment which will indicate at once whether 
it is within the allowable range. The 
determination of what constitutes ade- 
quate reliability is much more difficult, 
and it is to that requirement that this 
paper is principally directed. 

We are all cognizant of the increas- 
ing dependence of our customers on our 
service. Lighting, heating by oil burners 
and _ stokers, cooking, waterheating, re- 
frigeration, and a multitude of other ser- 
vices will not often brook long outages. 
On the other hand, an examination of the 
operating record of a system shows sur- 
prisingly good service continuity. 

Consider Figure I: It shows the num- 
ber of interruptions per year experienced 
by the average customer in the several 
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areas of our system. The interruptions 
are classified by causes, and the average 
duration from each of the several causes 
is shown. Short interruptions, where ser- 
vice is restored in a minute or two by 
the reclosing of a circuit breaker, are 
not included. 

Class A shows the interruption record 
for a large city having multiple under- 
ground transmission lines and mainly 
overhead distribution lines. On the aver- 
age, there is only one interruption of con- 
sequence in four and one-half years from 
all causes, including the customer’s own 
equipment. The average duration of out- 
age is only 58 minutes, which means 
that we give service 99.997 per cent of 
the time. Also note that about half the 
outages are caused by the customer’s own 
equipment, which means that there is 
only one outage in nine years to the 
average customer chargeable to the 
power company. 

It is recognized that the customer is 
likely to forget the many hours of good 
service when an outage occurs. On the 
other hand, it behooves us to give con- 
sideration to the very large number of 
hours in which our service is on. That 
represents the quality of service that can 
be rendered to metropolitan customers 
when served almost entirely by overhead 
distribution lines; that is, without resort 
to duplication of lines. 

It has been suggested that the a-c 
network, with its duplication of primary 
feeds, complicated transformers and 
switching equipment, and subsequent 
higher costs, be extended to these resi- 
dential and commercial areas. Clearly 
such complication and cost are not war- 
ranted when service of the quality here 
shown can be given without it. The 
above result has been accomplished by 
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FICATION BY GAUS 


A- Gustomers fuses 

B- Service wires; meters ond main switches 
c- moins ond transformer secondory 
O- Transformer ond primary fuses 

E- Primaries down 

F- Distribution circuit breaker openings 

G~- Substation shutdowns 
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SUMMARY OF SERVICE INTERRUPTIONS 


An interruption is defined os any cose wherein service connot 
be restored by reclosing the station brecker. 


Muitiple i implies ' or restor- 
ction of transmission supply by means of circult breckers or 
automatic pole top switches. 

Single transmission includes stations or station on transmission 

fuses loops without oufomatic equoment. 





CLASS E—Rurol Areos 
Single Overheod Transmission 
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Fig. 1 
making use of ringed primary lines and 
by operation of distribution transform- 
ers in parallel on secondary mains that 
PRIMARY RING AND SECONDARY BANKS he icaak ae a 
are also closed into rings. e Call these 
ee arrangements “primary rings” and “sec- 
| ondary banks.” 
| ~T) 
q | xy Figure 2 shows such an arrangement 
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‘ii o al — ' AREA of lines. The heavy solid line represents 
the main primary ring with the feeder 
Bie oP cs 1h en a ee ee pill ing in f he left. N h ff 
oS =a" o- D coming in from the left. Note that o 
FEEDER this primary ring in either direction are 
primary laterals represented by the 
ils ” S — i lighter solid lines. These feed the distri- 
! | bution transformers shown as_ small 
--9=== === === 9--------- o====b---—-- YZ circles. The dashed lines represent the 
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| AREA of service, but the secondary ring mains 
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Se een a P . _ ‘ 
o a primary can be repaired. Experience has 





shown that, where the secondary ring 
mains are fed by six or more transform- 
ers totaling 100 kva or more, secondary 
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troubles will almost always burn clear. 
As Class A of Figure 1 indicates, the 
character of service resulting from this 
arrangement of lines is almost unbeliev- 
ably good. 

Consider Class B in Figure 1: It il- 
lustrates the service continuity in the 
larger outlying cities served by several 
overhead transmission lines, sectionalized 
by local switching equipment, but in 
which cities the use of primary rings and 
secondary banks on the distribution lines 
cannot usually be resorted to. 

Note that, considering all causes, 
there is an interruption to the average 
customer about every two years; and, 
considering only causes chargeable to the 
power company, once in two and one- 
half years. The average duration is about 
80 minutes, which means that we give 
service here about 99.994 per cent of 
the time. 

Class C illustrates the performance 
in the rural areas served by several over- 
head transmission lines sectionalized by 
local switching; Class D, outlying towns 
served by a single “through” overhead 
transmission line, that is, one fed from 
both ends; and Class E, rural areas also 
served by a single “through” overhead 
transmission line. 


Comparatively, the service in these 
latter classes is less good than in the 
preceding ones. But, even in the least 
good case—Class E—our service is on 
99.987 per cent of the time. Also, it 
should be borne in mind that relatively 
few customers are involved in these 
latter classes and that it is not so long 
back that many of them were still using 
oil lamps and gasoline engines. Our 
least good service is so far ahead of oil 
lamps and gasoline engines that, by com- 
parison, it is highly desirable. 

When considering improved reliabil- 
ity of service, we would do well to ask 
ourselves, as customers, to what extent 
we would be willing to have our elec- 
tric bills increased to improve the re- 
liability of the service. It seems very 
doubtful if the average customer would 
be willing to accept any increase in his 
electric bill for that purpose. 

There is another aspect of this chart 
which is revealing; that is, that the 
causes of interruption fall naturally into 
three classes. They are as follows: 

1. Those ‘interruptions caused by the cus- 


tomers’ own equipment and therefore not 
related to the customers’ location; 

2. Those interruptions caused by failures 
of distribution lines. These, as would be 
expected are the most troublesome, both as 
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to frequency of occurrence and duration. 
They are represented in the several classes 
of Figure 1 by Items B, C, D, E and F. 
Distribution outages are, of course, a greater 
factor on rural lines as is indicated in 
Classes C and E; and 


3. Those interruptions caused by transmis- 
sion lines and substations (Items G and H 
in the several classes of Figure 1). These are 
most frequent in the outlying areas covered 
by Classes D and E in Figure 1, because 
these substations are tapped directly off the 
transmission lines without the benefit of local 
transmission switchgear. 

Failures of bulk power supply are 
rare; but, when they do occur, they 
affect large numbers of customers— 
hence, their importance. 

A diagram, such as Figure 1, cannot 
be followed slavishly; but, kept in its 
proper perspective, it can be very useful. 
It tells us that the quality of service 
which is inherent in the type of equip- 
ment naturally adaptable to the areas 
to be served, can, with relatively little 
added investment, be made to give ser- 
vice plenty good enough on the average. 
It also indicates in which part of the 
system lies the most promise of improve- 
ment. However, its greatest value is 
that it gives a factual basis upon which 
to determine the degree of improvement 
to be had by a given change, and per- 
mits us to weigh that improvement 
against the cost before going ahead. Of 
course, there are specific situations in 
which further improvement is necessary 
and that is a commercial matter; but 
the chart tells us that, if we attempt 
general improvement by the old ortho- 
dox methods, we shall most likely be 
gilding the lily. Altogether, such a chart 
provides an_ excellent background 
against which to view troubles, particu- 
larly while we are still smarting from 
them. 


So much for the need and the oppor- 
tunities for improvement in service re- 
liability. 

While the matter of improved volt- 
age is less difficult of appraisal, there is 
one aspect we should bear in mind, and 
that is the minimum allowable voltage 
under emergency conditions. In general, 
that value is set by the minimum voltage 
at which appliance motors will start, and 
is about 100 volts expressed in terms of 
lamp voltage. Where the emergency volt- 
age can go much below that value, it is 
necessary to provide additional facilities. 
It is important, therefore, that any new 
developments be capable of operating on 
an emergency voltage down to that 
value. The present-day fluorescent lamp 
cannot be depended upon to start much 
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below 110 volts. That matter was dis- 
cussed with the lamp manufacturers, and 
they tell us that the new instantaneous- 
starting type of fluorescent lamp is 
capable of starting at 100 volts or less. 
That is an important matter to the de- 
signer of systems, and is an excellent 
illustration of what can be accomplished 
through cooperation with the manufac- 
turers. 
Reduced System Costs 

Squarely opposed to the demand for 
increased reliability is the rising tide of 
system costs. The cost of everything that 
enters into the construction and opera- 
tion of an electrical system is on the 
upgrade. However, there are some things 
that we, as engineers and operators, can 
do about it. 

First examine our costs. Of our total 
cost of doing business, something ap- 
proaching 60 per cent is proportional to 
physical plant. Thus, if we can keep 
down the amount of physical plant re- 
quired to serve a given load, we shall 
not only reduce our investment costs, 
but we shall also realize in time a sub- 
stantial saving in operating costs. Like 
the “bazooka,” increase in physical plant 
“Shoots both ways,” and it behooves us 
to keep an eye on operating costs when 
we are planning system expansion. 

With the above in mind, what are the 
directions in which system savings can 
be made? 

Using What We Have 

Manifestly, the first step is to make 
maximum use of what we have. We 
have been aware, in a general way, of 
the economic advantage of working 
equipment harder and accepting a shorter 
life with attendant higher maintenance. 
However, it is difficult to determine how 
rapidly one may be aging equipment by 
such a process, and there has always 
been the possibility of badly shortening 
its life (with the attendant hazard of 
what the boss might say). The reluctance 
to take that chance is, therefore, un- 
derstandable. 

However, with the advent of the war 
it became necessary to really load up 
our equipment, and to do it on the basis 
of much higher load factors than we had 
heretofore experienced. We have had 
invaluable experience with this higher 
loading, and that has given us increased 
operating confidence which should prove 
of value in the postwar period. 

To really appreciate the importance of 
making maximum use of equipment, it is 
necessary to bear in mind the small pro- 
portion of system investment that is ac- 
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tually affected by high loading. The fol- 
lowing examples will illustrate. 

The industry has a large investment 
in conduit and cable. As used, there is 
about as much investment in conduit as 
in cable. The salvage value of the cable 
will perhaps average 35 per cent of its 
first cost. Thus, the part of the total in- 
vestment expendable by loading is only 
about 65 per cent of the cable itself, or 
32 per cent of the conduit and cable in- 
vestment. Manifestly, we can afford to 
expend the 32 per cent fairly rapidly to 
avoid adding cables at 100 per cent in- 
vestment—provided that in overloading 
them we do not suddenly reduce their 
life to something approaching zero by 
splitting their sheaths from over-expan- 
sion due to heating. Solid types of cable 
would give no warning at the time, and 
the damage might not be apparent for 
a year or so. 

Experimentation and experience with 
wartime overloads have increased the 
loading limits to which we know we can 
go with reasonable assurance. Also, 
cables have been developed recently 
which will give immediate warning of 
sheath failures, and thereby announce 
the ceiling of safe loading. With this in- 
dication it is much safer to push loadings 
up into the higher temperature ranges. 

The same situation applies to even 
greater measure to transformers and 
regulators. The cost of rewinding them 
is small compared to the total investment 
involved in transformers, buildings, con- 
trol accessories and the like; and, again, 
we can afford to expend the life of the 
insulation at a fairly high rate rather 
than install additional units. Fortunate- 
ly, these devices are much more suscep- 
tible of inspection and temperature mea- 
surement than is the case with cable, 
and the hazard in high loading is there- 
fore less. Further, there are new meth- 
ods of auxiliary cooling for electrical 
equipment which will greatly enhance its 
load-carrying ability. 


There have also been heavy wartime 
loadings on generating plants, both as 
to peak loads and long duration. These 
have shown what can be done as to out- 
puts, and suggest that if, in addition, 
plants could be operated at higher short- 
time loads, more effective use might be 
made of them for carrying peak loads. 
The load duration curve shows how very 
few hours per year it is actually neces- 
sary to run at or near peak loads. Also, 
wartime experience with reduced reserve 
has shown what can be done in that di- 
rection. Again, the proportion of the 
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total investment, subject to rapid wear 
and tear by higher loading, is small com- 
pared to the total investment. 

Altogether, our wartime experience 
with the high loading of electrical equip- 
ment and generating plant has shown 
the hazards to be somewhat less real 
than we had feared. We should, there- 
fore, be able to continue to take advan- 
tage of higher equipment loading after 
the war. 

There still remains the uncertainty as 
to older equipment, and there is room 
for experimentation and testing to define 
its safe loading limits. 

Buying New Equipment 
Having used our present equipment to 


its safe limits, we would next have to 
purchase new. 


The manufacturers have also learned 
some lessons from their wartime experi- 
ence. They have learned that there are 
savings to be had from what they call 
repetitive manufacturing; that is, if ten 
units of the larger products can be put 
through on one order, substantial sav- 
ings can be realized over building them 
one or two at a time. The theory is that 
such savings could be shared with the 
buyer. Accordingly, the manufacturers 
are urging the users to agree on stand- 
ardized designs for larger equipment to 
make such savings possible. This amounts 
to extending the standardization prac- 
tice already current in the field of the 
smaller apparatus into the range of large 
apparatus. 

It might be in order to review our 
earlier experience with the standardiza- 
tion of smaller equipment. In general, 
there have been two shortcomings. Too 
frequently users didn’t buy the standard 
equipment, and there was little pressure 
from management to do so, particularly 
if it meant modifications of the user’s 
current practices or involved any inci- 
dental cost increases. On the other hand, 
the manufacturers in many cases offered 
no price inducement to buy standard 
equipment as compared to equipment 
with special features desired by the par- 
ticular user. In many cases the user sus- 
pected the manufacturers of pricing the 
standard product to take the savings con- 
sequent on its adoption, and left the user 
only the “glory”; and the whole idea of 
standardization suffered thereby. 


The manufacturers are cognizant of 
this situation, and there have been some 
excellent examples of the correct han- 
dling of standardized products. Out- 
standing are the price reductions offered 
in the last few years in the field of stand- 
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ard metalclad switchgear and the users’ 
acceptance of it. In this, the manufac- 
turers took the lead by reducing the price 
as a means of increasing the volume, and 
the result was very gratifying and shows 
what can be done. 

To make the benefits of such stand- 
ardized production generally available, 
two steps are necessary. First, the manu- 
facturer must offer a price inducement 
to the user to “buy standard” and some- 
how convince him that the process rep- 
resents a real and substantial reduction 
in the price of standard equipment and 
not just an increase in the price of non- 
standard equipment. Second, the users 
must make a real effort to agree on 
standard designs and then buy them. To 
make this effective, top management will 
have to let it be known to their engineers 
and operators that they must show cause 
for not using standard equipment. 

There is another aspect of standardi- 
zation which is very important and that 
is the determination of the minimum 
range of utilization voltage economically 
acceptable to the industry. If that voltage 
range can be narrow enough so that a 
single line of appliances, motors, and the 
like, will give satisfactory results, the 
manufacturer can realize the maximum 
benefit from mass production with a re- 
sultant lower cost of manufacture. Some 
excellent work is now in progress on 
this subject by a joint manufacturer- 
utility committee. 

In these matters the interest of the 
manufacturer and the user are identical, 
and with proper executive support there 
appears to be worth-while savings. The 
engineering side of standardization is 
well on its way, but the commercial side 
is lagging. 


Savings in System Design 


Having gained what is to be had in 
the field of lower-cost equipment, atten- 
tion should be given to savings to be had 
in system design. There are very real 
possibilities in the simplification of sys- 
tems. It should be borne in mind that, 
as systems increase in size, they should 
also be kept simple if ordinary human 
beings are to operate them, and if op- 
erating costs are to be brought down 
without an offsetting increase in invest- 
ment. 


Again, certain fundamental considera- 
tions must be kept in mind. For exam- 
ple: Consider the place of automatic 
switchgear in a transmission system. If 
the operating record of transmission lines 
were perfect, no switchgear would be 








August, 





neede 
ply. J 


when 


lines 
neces 
the l 
the e 
from 
use 

swit¢ 
How 
sectic 
liabil 
sonal 
tiona 
the | 
with 
To 

whic 
medi 
to in 
erate 
in th 
tap. 
one 

tion 
ing 

then 
the | 
whi 
jecte 
If n 
quir 
ing 

mat 
the | 
Teco 





oO KH me OF 





August, 1944 





needed other than at the sources of sup- 
ply. However, they are not perfect; and, 
when important loads are fed from long 
lines energized from both ends, it is 
necessary to sectionalize the line so that 
the load can be fed from either end in 
a fault on the line feeding 
from the other end. It is customary to 


the event of 


use automatic opening conventional 


switchgear for such sectionalization. 
However, when the lines have thus been 
sectionalized to the point where the re- 
liability of the individual sections is rea- 
sonably high, it is practicable to tap addi- 
tional stepdown substations directly off 
the lines without further sectionalization 
with conventional automatic switchgear. 
To protect against the few cases in 
which the tapped section cannot be im- 
mediately re-energized, it is customary 
to install relatively inexpensive hand-op- 
erated disconnect-type pole-top switches 
in the line on either side of the substation 
tap. Thus, when a line fault occurs on 
one side of the tap, service to the substa- 
tion can be restored by manually open- 
ing the pole-top switch on that side and 
then re-energizing the substation from 
the other line end. For the few cases in 
which this happens, the substation is sub- 
jected to an outage of a half hour or so. 
If more rapid restoration of service is re- 
quired, resort can be had to self-reclos- 
ing pole-top switches designed to auto- 
matically sectionalize the line as soon as 
the line voltage fails and to automatically 
reconnect the substation to whichever 


EDISON 


end of the line the voltage is restored on 
With this type of equipment the 
substation 


first. 
reduced to 
about one minute. In effect, the auto- 
matic pole-top switches perform the same 


outage can be 


function as would be performed by op- 
erators if they were constantly standing 
at the pole-top switches. 

Figure 3 shows an automatic reclosing 
pole-top switch of this kind, and further 
down the 
switch and the 


companion 
which the 


roadway is_ its 
substation 
switches protect. On the second cross- 
arm from the top of the pole in the fore- 
ground, there can be seen three vertical 
potentiometer devices which appear 
somewhat like lightning arresters. These 
devices are used in lieu of outdoor poten- 
tial transformers. They are connected 
from each line to ground, and the pilot 
voltage for the control of the operating 
mechanism is shunted off them next to 
the ground connection. These pole-top 
switches operate in the following man- 
ner. When, for any reason, the line volt- 
age fails, the switches drop open. When- 
ever the voltage is restored on either sec- 
tion of the line, the restored pilot voltage 
from the potentiometer device on that 
section acts to reclose its pole-top switch. 
The result is that the substation is re- 
connected to the section of transmission 
line that first comes alive. As soon as 
the other transmission section becomes 
alive, the other poletop switch automati- 
cally recloses restoring the continuity of 
the through transmission line. Several of 
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Fig. 3—Left, Automatic Reclosing Air-brake Type Pole-top Switch 


Fig. 4—A bove, Conventional Type High-voltage Transmission Switch- 
ing and Stepdown Station 


these pole-top switches have been in op- 
eration for a number of years and so 
far have given very good results. They 
are very much less costly than conven- 
tional switchgear. 

With the high reliability of present- 
day high-voltage transmission lines, simi- 
lar practice of tapping substations off 
such lines is also practicable. While re- 
closing poletop switches have not as yet 
been devised for use at these higher volt- 
ages, their commercial development may 
prove to be attractive. To set up a bus 
and sectionalize a high-voltage line in 
the conventional manner with automatic 
circuit breakers is costly, both as to in- 
vestment and operating costs, and elim- 
ination of such equipment produces real 
savings. 

Two large stepdown installations, 
tapped off double-circuit steel tower lines 
of the 138-kv class, are already in oper- 
ation on the Detroit Edison system. The 
lines are fairly long. In one case the 
distance between automatic circuit break- 
ers is 25 miles, and in the other 50 miles. 
At present, the disconnecting devices for 
sectionalizing the lines at the tap points 
are manually operated. The reliability 
of these installations has so far been 
very good; and, if they continue so, it is 
the intention to make considerable use 
of this type of installation in the future 
with consequent large savings. 

Figure + shows the conventional type 
of high-voltage transmission switching 
station. The lines come in overhead and 
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Fig. 5—Diagrammatic Cross-section of a Two-bank High-voltage 
Stepdown Station Tapped Directly off the Transmission Line 


on the ground are the conventional type 
of circuit breakers. At the left are the 
stepdown transformers. Contrast this 
with Figure 5. This figure is only dia- 
grammatic, but it illustrates how the 
stepdown transformers may be connected 
to the transmission lines with only a dis- 
connecting switch and lightning arrester 
interposed. In this particular installation, 
a high-voltage fuse was used but that is 
not usually required. For that class of 
service, two such installations would 
comprise a transformer stepdown station. 
Figure 6 illustrates the manner of taking 
taps off the 120-kv transmission line to 
feed the transformers shown in Figure 5. 
There is a tap-off structure for each 
transformer bank. Each tap-off structure 
is made with two standard transmission 
towers connected by cross girders and 
carries the hand-operated disconnecting 
switches for sectionalizing its through 
lines. Reclosing-type operating devices 
could be applied to these sectionalizing 
disconnecting switches along the lines il- 
lustrated in Figure 3, but so far there 
has been no call for this complication. 

In general, the elimination of any un- 
necessary switch gear is well worth at- 
tempting, even at the cost of some extra 
line copper and transformer capacity. 
Extra copper works at all times toward 
lower losses, but switchgear is always a 
liability in that its hazards are ever pres- 
ent, despite the fact that it operates in- 
frequently. Also, the maintenance cost of 
switchgear is very high. 

Another opportunity for system sav- 
ings lies in the very great reliability of 
modern high-voltage cable. It approaches 
the reliability of the transformer. Its 
use as extended generator leads permits 
the connection of generator terminals di- 
rectly to a bus at an intermediate switch- 
ing center rather than to the power plant 


bus. This arrangement results in lower 
cost than that required where the output 
of the generator is transmitted from the 
power plant at lower voltage. It also has 
the advantage of reducing the short-cir- 
cuit concentration at the power plant, 
and creates a simpler and more easily 
operated system. Should the cable fail, 
the generator would, of course, be out of 
service until repairs could be made, but 
experience to date indicates that the an- 
nual availability of the generators would 
not be reduced more than one-half of 
one per cent; say, from 95 per cent to 
9414 per cent. A radial generator line, 
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consisting of 120-kv cable having 100,- 
000 kva capacity and a length of some 
seven miles, has been in successful oper- 
ation for over two years. 

For another example, refer again to 
Figure 1. That portion of Classes D and 
E enclosed by the dotted lines (Items 
G and H) shows the outage effect of 
wood-pole transmission lines on substa- 
tions tapped off of them without the 
benefit of local conventional type auto- 
matic switchgear. In most of these cases 
hand-operated pole-top switches are in- 
stalled at the substations. If the line goes 
out of service, it takes the substation 
with it. On the average, these lines and 
substations account for an outage of 40 
minutes once in every two years. For- 
tunately, most of this outage occurs dur- 
ing daylight hours, usually late in the 
summer afternoon, and service is re- 
stored before darkness falls. While there 
are several available remedies which 
might be applied, the most practical one 
is to sectionalize the line by the use of 
automatic reclosing pole-top switches on 
either side of the substation, as described 
earlier under transmission. This method 
is applicable only to substations fed by 
through transmission lines; that is, lines 
fed from both ends. To protect substa- 
tions fed by single radial transmission 
lines, resort can be had to expulsion tube 
protection of the line. Experimental in- 





Fig. 6—Tap Connection to High-voltage Transmission Line 
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stallations indicate that such protective 
tubes are not required at every pole as 
was at one time thought necessary. That 
reduces the cost of such protection to the 
point where it can be justified in more 
cases. 

While the outage chargeable to trans- 
mission lines appears large, by no means 
does it follow that the cost of obtaining 
improvement would be justified by the 


results. As with all such improvement 
measures, the cost must be weighed 


against the accomplishments. 

Consider next the total of Items B, C, 
D, E, and F of the several classes shown 
in Figure 1: These show the outage 
record of the distribution lines, and tell 
us what we all know to be true—that 
distribution lines are, in the aggregate, 





responsible for more hours of outage 
than all other causes put together. Also, 
it is not generally practicable to provide 
duplicate lines in the interest of relia- 
bility. Accordingly, such relief as is eco- 
nomically feasible must largely come 
from enhancing the reliability of the 
lines themselves. 

Classes B and D show the record of 
such lines in the outlying cities and 
towns, and Classes C and E in the rural 
territory. 

The former lines are largely weather- 
proof wire and readily burn down under 
power arcs. However, there are switch- 
ing devices being brought on the market 
capable of removing the fault current 
quickly enough to prevent the burn-down 
of the line unless some foreign object is 
in contact with it to re-establish the 
fault. Another promising _ possibility 
which will be available after the war is 
low-cost primary wire of permanently 
high insulating value. Experimental in- 
stallations of such wire show real 
promise. 

The distribution lines in Classes C 
and E are rural and a large portion have 
bare primary conductor. The fusing of 
long lateral primary extensions coupled 
with small low-cost high-speed switching 
equipment, designed to interrupt the cur- 
rent of transient faults before it can blow 
the sectionalizing fuses, shows very real 
promise of marked service improvement 
at small cost. Such low-cost high-speed 
switching equipment is now available. 

A corollary advantage of the use of 
these devices is that they should mini- 
mize the number of cases of line trouble 
under storm conditions, and thereby re- 
duce to some degree the number of emer- 
gency line crews required. This is be- 
coming a very important matter and a 


; factor which should not be overlooked 
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in considering the cost of applying these 
remedial measures. Perhaps we can kill 
two birds with one stone. 

In the larger cities, some of the factors 
which require the putting of distribution 
lines underground are their proximity to 
buildings and sometimes their appear- 
ance. To meet these conditions, develop- 
ment work on aerial cable for primary 
use is under way to produce cable which, 
when it fails, will give visual indication 
of the location of the fault. Also, some 
experimental stretches of open-wire lines 
of much improved appearance have been 
installed. If these devices can defer the 
very large expense of putting distribution 
lines underground, they will accomplish 
a very real saving. 

Steps being taken by the large manu- 
facturing companies to reduce the cost 
of distribution substations are already 
well known. The possibilities in that di- 
rection are very real, both in first cost 
and operating saving. 

Other examples could be cited, but 
those given will serve to illustrate. 

Operating Savings 

It has been common practice in the 
design of larger switching stations and 
in generating plant to base the layout 
on the best equipment arrangement and 
let the operator get around as best he 
can. On the other hand, some surpris- 
ingly low operating costs have been re- 
ported on generating plants designed to 
require a minimum number of operators. 
This is an aspect of design which should 
not be overlooked. 

The ability to take equipment out of 
service for maintenance, without resort 
to the overtime use of labor is another 
direction in which savings may be ac- 
complished. Designers would do well to 
take this into account. 

Criteria 

How can we tell what we have ac- 
complished? In a rough way, peak load 
is a measure of ability to earn. There- 
fore, the final proof of efforts toward 
lower costs are the system and the oper- 
ating cost per kilowatt of peak load car- 
ried. The trends of those indices are 
Not 
only must we watch the design of every 
larger project, but we must particularly 
give attention to standard specifications 
covering the construction of the many 
small projects, such as, the extension of 
distribution lines, and the like. A great 
deal of money is spent on the many jobs 
which are too small to bear the cost of 
individual watching and which must be 
engineered, so to speak, by line crews or 


valuable guides in system design. 
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small maintenance crews. Periodic review 
of such standard specifications is an im- 
portant aspect of system cost reduction. 

Under war conditions, the investment 
per kilowatt of peak has gone to a new 
low. We can hardly hope to keep it that 
low with the return of peacetime loads. 
However, if we use our ingenuity in the 
application of the means at hand and 
those forthcoming after the war, its long 
time trend should continue downward. 
We engineers have a job cut out for us 
and the most interesting part is yet to 
come. 


Joe H. Gill 


OE HENRY GILL of Dallas, Tex., 

president and chairman of the board 
of Electric Power and Light Corpora- 
tion and president of United Gas Cor- 
poration, died in New York City of a 
heart attack on June 16. His age 
was 57. 

Born in Kerrville, Tex., a son of 
William Francis and Miriam Fort Gill, 
Mr. Gill received an electrical engineer- 
ing degree from the University of Texas 
in 1910. Upon his graduation he began 
with the General Electric 
Company in Schenectady, N. Y. After 
two years there, he became associated 
with the Texas Power and Light Com- 


his career 


pany in Dallas in an engineering capac- 
ity, advancing to general supervisor of 
design and construction of electric dis- 
tribution and transmission systems. 


From October, 1917, to December, 1918, he 
was in the service of the Government, and 
had charge of electrical design and layout of 
the power equipment for the American Ord- 
nance Base Depot in France. He entered the 
Army in March, 1918, and was commissioned 
as a first lieutenant. At the end of the war 
he served as an instructor in the Officers 
Training Camp at Fortress Monroe, Va. 

After the Armistice he was employed by 
the Dallas Power and Light Company, be- 
ginning as salesman and advancing to assist- 
ant general manager of design, construction 
and operation of the company’s plants and 
systems. 

In 1925 he went to Florida to assist in the 
development and acquisition of the proper- 
ties which ultimately became those of the 
Florida Power and Light Company. He was 
made vice-president of this concern in 1925 
and served as its president and general man- 
ager from 1929 to 1933. 

In 1933 he was brought to New York by 
Electric Bond and Share Company to act as 
senior operating sponsor of those utility prop- 
erties in the company’s system which were 
situated in the Southeastern area of the 
United States. In 1935 he became president 
and chairman of the board of Electric Power 
and Light Corporation and president of 
United Gas Corporation. 
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The Sixth Ingredient—The Heat Pump 


The Importance of Its Development in Making the 


All-Electric Home a Reality 


By Philip Sporn 


Vice-President and Chief Engineer, American Gas and Electric Service Corporation, 


Address before the 


I—Introduction 
HERE are five principal services 
that electricity performs in the 
modern home today: lighting, re- 
frigerating, cooking, water heating, and 
operation .of miscellaneous appliances or 
devices. The sixth, and most important 
function—more important, in fact, than 
all other five functions put together— 
namely, heating, is today still performed 
non-electrically. It can, in most cases, 
be performed electrically by the heat 


pump. I hope to show in this paper why 
this is so, and how it can be brought 
about. My aim, primarily, is to stimu- 


late interest, on the part of all those re- 
sponsible for, and concerned with, the de- 
velopment of the residential electric 
loads on the systems of electric utilities 
of this country, to a sufficiently high 
point where they will begin to do some- 
thing about it. Specifically, I would like 
to see them do at least a portion of their 
share of the job that needs to be done if 
the all-electric home which is so glibly 
being talked about is to become a reality. 
For if this job is not done, the all-electric 
home may continue to be a very much 
sought after but elusive will-o’-the-wisp. 
It may, than 
it is today. 


in fact, become less electri: 


Annu 


New York, N. Y. 


al Meeting of the Edison Electric Institute, New York, June 6, 1944 


II—The Development of Residential 
Consumption 

Fig. 1 shows clearly the history of the 
increasing use of major appliances by the 
residential since 
1924 by indicating the growth in satura- 
tion factor of 
building residential 


consumer each year 
load 
range, 


three important 
the 


water 


devices, 
the 
These data are today well known to the 


the refrigerator and heater. 
members of the electric utility industry. 
But please note the following: In 1924, 
that is 20 years ago, there were already 
in service 304,300 electric ranges, 76,200 
and 63,500 elec- 
the course of the 
1934, the fol- 
lowing growth had taken place: 


electric water heaters, 
tric refrigerators. In 
next ten years, that is, by 


Electric ranges .......... 238% 
Electric water heaters 270% 
Electric refrigerators ...9300% 


The growth in the next decade was, 
or rather will be, as follows: 


Dhectric FAaN@ES .....0s as Z y 

Elect g 2()9¢ 
Electric water heaters 272% 
‘lectric refrigerators Z t 
Elect f t 214° 

The above gives us the estimated 1944 


3,170,000 ranges, 1,042,000 
and 18,700,000 


erators, with saturation factors of 11.7% 


ngures of 


water heaters, refrig- 
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Fig. 1—Growth in Saturation Factors of Ranges, 
Heaters, and Refrigerators 







3.85% 


for refrigerators. 


for ranges, for water heaters, 
and 69% 
The effect of these load building ap- 


pliances on the average residential con- 


sumption and the average residential 
revenue is shown in Fig. 2. This, too, 


dec- 
Note that in this period the resi- 
dential kilowatt-hours per customer have 
from approximately 378 in 
1,115 in 1944, an increase of 
The revenue per customer in- 
creased from about $27.25 in 1924 to 
approximately $39.50 in 1944, an in- 
crease of 45%. The revenue per kilo- 
watt-hour thus reduced from an 
average of 7.2c in 1924 to an estimated 
3.55c¢ in 1944. However, the revenue per 


has been plotted for the last two 
ades. 


increased 
1924 to 


195%. 


Was 


consumer was maintained and_ even 


somewhat increased by expanding con- 
But the ir- 
creased consumption would never have 


sumption close to 200%. 


been possible without the development 
of the load supplied by the three im- 
portant load building devices mentioned. 
To fully appreciate this, all that needs 
to be done is to examine the series of 
curves in Fig. 3. These show the por- 
tion of the total residential kilowatt-hour 
consumption per customer accounted for 
by the three devices, and the residential 
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On At erage 


kilowatt-hour consumption per customer 
without those three devices. Note these 
two striking points: (1) that instead of 
the 1944 kilowatt- 


average residential 


hour consumption of approximately 
1,115 kilowatt-hours, the figure that 
would prevail without them would be 


690 kilowatt-hours; (2) 


that whereas consumption of all other 


approximately 


uses except that furnished by those three 
devices had a growth in the two decade 
of approximately 130%, the 
growth supplied by the three devices in 
the same 


$45. 


It is interesting to speculate on what 


interval 


interval was approximately 


would be today’s status of the domestic 
residential consumption if each of the 
three devices had not been a substantially 
completed development 20 
vears ago, a development that had re- 
ceived acceptance to the point that it was 
being utilized successfully in hundreds of 
thousands of homes in the case of the 
range, and in about 70,000 homes in the 
case of refrigerators and water heaters. 


electrical 


Even more necessary is a study of the 
effect of reaching substantial saturation, 
in the case of one of these devices, upon 
the residential consumption of the next 
decade, and particularly to find the new 
electrical device having the same poten- 
tial effect on domestic consumption as the 
refrigerator, range, or water heater. And 
having found it, it is necessary to bring 
it along quickly in its development stage 
to a point at least equivalent to that 
enjoyed by the range or water heater of 
20) vears ago. It is necessary, in short, to 
get it into homes and observe its perform- 
ance as people use it and live with it, and 
to make further improvements based on 


(1) Developed from a table in “Heating the 
Post War House” by Robert K. Thulman. Heat 
ing and Ventilating—March, 1944, 


Annual Consumption per Residential Customer 


such experience so as to pave the way fot 
broad consumer acceptance later. 


Home 


Il1I—Can We have An 
Without Electrical 


All-Electric 
Heating? 

There has been a good deal of discus- 
sion of the 10,000 kwhr per year residen- 
tial load as a postwar objective. It is 
true that the discussion has hinged about 
that figure as an objective, and that the 
more realistic analysts of prospective 
growth in residential load have been con- 
tent with estimating a figure of approxi- 
mately 1600 kwhr annual average resi- 
1957. But if a real and 
substantial start is to be made toward the 


dential use by 


10000-kwhr consumer it is apparent that 


devices more numerous and_ heavier 
energy consuming than any that have 
been developed heretofore will have to 
be brought forth to make possible an 


annual 10000-kwhr consumption in the 


Taare I—T au 


¥ INSTALLATIONS 
FUEL + a : 
NUMBER =| OF TOTAL 
= ; 1 | | 
| COAL 
Bituminous 12.58 X 10° 36.8! 
| Anthracite u.59 x 106 13.45 
| Coke 1.53 xX 10° u.uS 
TOTAL 18.70 x 108 54.75 
wood 7.76 X 10° 22.73 
| Ol 3.43 X 10 10.05 
GAS 3.87 X 10 11.32 
| OTHER 0.125X 10° 0.37 
— 
| NONE 0.267 x 10 0.78 
| TOTAL | 34.15 X 10° | 100. 
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average home. That is, if heating is dis- 
regarded. 

But why should we try to develop a 
10000-kwhr consumption without elec- 
tric heating? 
electricity, which admittedly is the clean- 
est, the most readily available, and the 
safest form of energy, should not be used 


Is there any reason why 


for performing the most important single 
utility function in the average home, i.e., 
heating and cooling, if it can do so eco- 
nomically, and if there can be developed 


a demand for it? 


Let us take a look at the market that is 
available from an energy standpoint in 
United States 
of supplying 


the residential homes of the 
if we undertake the job 
heating. In Table I’ there are shown the 
annual production and consumption of 
fuels heating of residential 
homes in the United States in the year 


1940. 


used for 


This shows a total consumption 


of fuel for the vear for heating of 
5038 x 10!" Btu, that is, 5038 trillion 
Btu. It is estimated that of this amount 


the annual useful heat is only 2382 x 10" 


( 


Btu, which means that only +7°¢ of the 


annual consumption of fuel is used and 
the balance of 2656 x 10'* Btu, or 53%, 
is escaping from the residential chimneys. 
It is dificult to arrive at an exact figure 
of what the annual cost of this heating is. 
But disregarding cost of attendance and 
repairs, and figuring only fuel cost, one 
arrives at a conservative figure of $l,- 
682,000,000 for the year. This is almost 
twice the total electric residential bill of 


Why 


, : . 
evelop electric resi- 


the United States for that year. 
tod 


should we not try 
dential heating? 


oF U.S. A.—1940 


CONSUMPTION 
ANNUAL COST 


nN HEAT CONTENT 
QUANTITY en 
72.5 X 10 x 
30.6 X 10 ‘ 
12.9 X 10 . 
116.0 X 10 ‘ 2787 Xx $ 870. Xx 10 
165.0 X 10 S| 145u xX 10 412.5 X 10° 
4210.0 X IC A 52E€ x 10 27u x 10 
312.0 X 10 271 x 10 25. Xx 10 
- 5038 X 10 $i6€1.5 X 10 


Assumptions: Coal: $7.50 per ton—12,000 Btu per Ib. 


Gas: 
per cu. ft. 


(Natural and Artificial) 40c. per 1000 cu. 


ft.—870 


Oil: 6Y2c. per gallon—125,000 Btu per gallon 
Wood: $2.50 per cord—3180 Btu per cu. ft. 





There is another way of looking at 
this problem. The annual useful heat 
(on the 1940 basis) of 2382 x 10'* Btu 
when converted to equivalent electrical 
units represents an annual energy con- 
sumption of 997 billion kwhrs. This 
contrasts with a total residential con- 
sumption estimated for 1944 at 29.7 bil- 
lion kwhrs. Let us point out at once that 
even with the many advantages of elec- 
tric heating, there are very few areas in 
the country where straight electric heat- 
ing is being used or will be justified for a 
long time when the relative cost of de- 
livered electric energy is compared with 
corresponding costs of coal, oil, gas, or 
other fuels. The heat pump, however, 
immediately offers a way of eliminating 
the handicap that electric energy is under 
when it attempts to enter the residential 
or commercial heating field on a straight 
energy conversion basis, and by furnish- 
ing heat equivalent to from 3 to 5 kwhr 
for every kwhr of electric energy used in 
the heat pump (this is sometimes ex- 
pressed by saying the heat pump has a 
coefficient of performance of from 3 to 
5), makes possible, and wholly practical, 
the supplying of electrical heating ser- 
vice to residential and commercial estab- 
lishments. I shall develop this point in 
more detail further in this discussion. 
But it is interesting that if it is assumed 
that this fundamental advantage of the 
heat pump, through its so-called coeffi- 
cient of performance, is maintained at 
4¥4, then the 697 billion kwhr of elec- 
tric energy equivalent to the annual heat 
supplied by other fuels now utilized in 
the United States, could be supplied by 
approximately 155 billion kwhr of elec- 
tric energy, and this is roughly 5.25 times 
the total estimated electric energy con- 
sumption of all domestic or residential 
consumers in the United States in 1944. 
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Here then is at least a glimpse of a 
road leading to attainment of the 10000- 
kwhr annual domestic consumption if no 
further new electrical uses are developed. 
Why under these conditions, one asks 
again, should we attempt to do without 
electric heating in our efforts to develop 
the domestic market and in our aim to 
develop the all-electric home? But, you 
say, that’s all very well, but it will take 
And what is the 
This, therefore, is a good 


the heat pump to do it. 
heat pump? 
point to stop and answer that question. 


IV—What Is The Heat Pump? 


The heat pump is not a new or revolu- 
tionary idea. It is basically the same 
thing as the conventional compression 
type refrigeration system. Such a re- 
frigeration system consists of an evapo- 
rator where heat is absorbed from the 
surrounding space by the refrigerant in 
changing from liquid to gas, a compres- 
sor where the refrigerant is compressed, 
and a condenser where the refrigerant is 
liquified, thus giving up the heat ab- 
sorbed by the evaporater plus the heat 
equivalent of the work of compression 
The 
heat pump is nothing more than a com- 
pression type refrigeration system with 
provisions incorporated in the design to 
put to use the heat given up by the con- 
denser instead of discarding it. The 
name “Heat Pump” is given to such a 
design because the heat absorbed at a low 
temperature level is raised or pumped to 
a higher temperature level. Since this 
type of system is basically a refrigeration 
cycle the same equipment can be used 
for both heating and cooling. 


required to sustain the process. 


Please note that in this system heat is 
absorbed from some source and then heat 
The source of 
this absorbed heat can be almost any- 
thing—the outside atmosphere, a lake, < 


9 € 


is added by compression. 


river, heated circulating water from a 
steam condenser, a well or any one of 
scores of other sources. 

When heat is so taken at a temperature 
T, and raised by compression to a tem- 
perature T’., the theoretical maximum co- 
efficient of performance is given by the 
formula: 


COP. clinica 


where ‘Ty and T, are expressed in terms 
of the absolute scale. The C.O.P. above 
is a measure of the ratio of the total heat 
obtained by the process to the heat input 
in the form of work to the compressor. 


For example, if by such a process heat is 
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abstracted from the atmosphere at a tem- 
perature of 60F and is raised to a tem- 
perature of 120F (580 abs.), the coeffi- 
cient of performance would be equal to 
580 

eee OT 9.67. 

60 


That raises a question, and I have 
been numerous times: “‘Isn’t 
this, therefore, a perpetual motion 
scheme?”’, The answer is: “Decidedly 


asked it 


no, and for the simple reason that it 
doesn’t defy any of the known laws of 
thermo-dynamics—no energy is created.” 
After all, there is a tremendous amount 
of heat in the atmospheric shell surround- 
ing the earth alone and another enormous 
amount in our oceans and the rivers, and 
both are continually being replenished by 
the sun. For example, the heat available 
in the layer of air surrounding the earth 
(to a thickness represented by a weight 
of 14.7 pounds for every square inch of 
the earth’s surface) is approximately 
830 x 10'® Btu, and this represents the 
heat contained in 57600 years’ bitumi- 
nous coal production, at the rate it is now 
being mined, in the United States. 

The with this heat is that 
when it is at a temperature of 0 F, it 
isn’t at a temperature level that will 
make the average person very warm. But 
there is still approximately 73.3 Btu in 
every pound of it. “The heat pump takes 
this heat, and by raising it to a higher 
temperature level, makes it usable for 
the heating of homes. 


trouble 


Because I have a feeling that this fail- 
ure to understand the heat pump is in a 
considerable measure responsible for the 
failure of many more people to take up 
the idea, I would like to give another 
simple illustration showing the compati- 
bility between the idea of the heat pump 
and other accepted ideas in the electric 
art, for example. Consider Fig. 4. Here 
a 22 volt booster generator G is used in 
connection with a 100 volt Battery B to 
transfer a charge of 1220 watts into Bat- 
tery A. The actual expenditure of 
energy on the part of generator G is only 
220 watts for the transfer of every 1220 
watts into Battery A. The coefficient 
of performance of the booster generator 
in this case is 5.54 but the arrangement is 
entirely normal. It is perfectly analogous 
to the arrangement in which a_ booster 
compressor is utilized to transfer heat 
from a source of lower temperature to a 
receiver at higher temperature. 

The actual coefficient of performance 
obtained in a heat pump system in con- 
trast with the theoretical coefficient of 
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performance is dependent upon the oper- 
ating head pressure, the operating suction 
pressure and the efficiency of the compres- 
sor. If the head pressure is high and the 
suction pressure low, a low coefficient of 
performance will result; conversely, if 
the head pressure is lower and/or the 
suction pressure is higher, a higher coefh- 
cient will be obtained. In a heat pump 
it is advantageous, therefore, to use a 
heat source with as high a temperature 
as possible. Well water and/or air are 
the most generally used heat 
Well water, when available, provides a 


sources. 


constant year round source and is the 
most satisfactory. Air, on the other hand, 
varies considerably in temperature and is 
usually at its lowest temperature when 
heat requirements are greatest. 
theless, air offers the greatest possibility 
for the heat pump 
versally available and by using at low 
outdoor temperatures some form of stor- 
age, or some form of auxiliary heat, it 
can usually be made to operate satisfac- 
torily. 


Never- 


because it is uni- 


This is particularly so in cli- 
mates where the outdoor temperature 
seldom drops below 25F. 

Theoretically a coefficient of perform- 
But on 
existing systems the coefficients that have 
been obtained have varied from 3 to 5. 


ance of 8-10 is quite possible. 


What kind of operating costs will heat 
pumps give when used for heating? The 
following is quoted from a more detailed 
discussion of the heat pump recently pub- 
lished :7 

A comparison of the operating cost of 
a heat pump with a conventional sys- 
tem is rather difficult because operating 
cost in a conventional system is quite 
variable, depending upon the type of fuel 
used, type of equipment employed, and 
the care with which it is operated. Never- 
theless, it is interesting to show even 
roughly a comparison of the two sys- 
tems. For this purpose, Table II has 
been compiled to show the cost of three 
different classes of fuel when compared 
with the output from a heat pump at 
three different costs of electrical energy. 
Under conditions assumed, that is, 
with a coefficient of performance for the 
heat pump of 4.5 and an efficiency for 
the conventional heating system of 65%, 
the heat pump using electric energy at | 
cent per kwhr is fully competitive from 
an energy output standpoint with 12,000 

(2) “The Heat Pump—An All-Electric Year 


Air Conditioning System” by Philip Sporn 
R. Ambrose. Heating and Ventilating 








1944. 

(3) “Description and Performance of Two Heat 
Pump Air Conditioning Systems” by Philip Sporn 
and E. R. Ambrose, to be presented before 
Annual Meeting A.S.H.V.E., June, 1944. S 





Heating, Piping and Air Conditioning 
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Btu coal at $10.20 and with 550 Btu 
gas at 35.lc. But it is important to re- 
member that the cost or trouble of at- 
tendance, rather than the cost of fuel, 
has an important bearing on the choice 
or rejection of a coal-fired heating sys- 
tem in many buildings. This is borne 
out by the many houses that are today 
being heated by manufactured gas at 
costs in excess of the highest figure em- 
ployed in the above table: these houses 
are finding gas heating advantageous be- 
cause of the elimination of attendance 
troubles and costs when using gas fuel. 
It is obvious that under corresponding 
conditions the heat pump would have the 
same advantage. 

While this analysis admittedly con- 
siders only some of the phases of the 
competitive problem, it does clearly show 
that with a reasonable coefficient of per- 
formance, the heat pump with its special 
advantages can be brought on a full com- 
petitive level with older, less flexible 
sources of heat. 

V—Existing Heat Pump Installations 

Have heat pumps been built and are 
there many of them operating? An- 
swer: Yes, a number have been built and 
are operating; in the United States there 
are perhaps 30 or 40 in operation. There 
are a number of others in Switzerland 
and in South America. But the number 
is altogether too insignificant. On the 
American Gas and Electric Company 
system there are seven installations and 
all are furnishing heating in the winter- 
time and cooling in the summertime, giv- 
ing year round air conditioning. They are 
all doing, on the whole, a first rate job, 
Two of the latest of this group were in- 
stalled, and are functioning, in office 
buildings of The Ohio Power Company, 
one at Coshocton and the other at Ports- 
mouth. Detailed descriptions of these 
two systems, together with operating and 
test data will be presented before the 
semi-annual meeting of the A.S.H.V.E.® 
A portion of the general description re- 
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peated here is pertinent to this discus- 
sion. 

The Coshocton building was erected 
in 1940, has two stories and a basement, 
is 88 ft. long by 55 ft. wide and 35 ft. 
high. It is utilized as a divisional head- 
quarters and as a Commercial Office in 
the City of Coshocton. Fig. 5 is a view 
of this building showing the main en- 
trance. Fig. 6 is an interior view of the 
Coshocton Office Building showing the 
merchandise 

The stage 
of the auditorium, seen at the left rear, 
is set up as an all-electric display kitchen, 
connecting to an electric work kitchen 
at the rear. Also on this floor are the 
chief clerk’s office, clerks’ space, residen- 


cashier section, electrical 


display space and auditorium. 


tial sales office, rural engineers’ quarters, 
main lobby and the accounting section. 
The auditorium can be closed off from 
the main lobby by means of a movable 
partition. 

Fig. 7 is a view of the heat pump 
equipment room located in the basement 
showing the two compressors and some 
of the refrigerant and water piping. At 
Coshocton, well water is used as the 
For this purpose a deep- 
well pump having an electrical demand 
of 3.34 kw is utilized. The two com- 
pressors have electrical demands of 10.2 
and 15.65 kw, respectively. There is 
also a circulating pump having an elec- 
trical demand of 1.84 kw. 


source of heat. 


The Portsmouth building was also 
erected in 1940. This is a four story 
building, 104 ft. long by +5 ft. wide and 
4514 ft. high. This building is located 
in a flood area so that no basement was 
provided. The fourth story is designed, 
therefore, for equipment usually found 
in a basement and contains the air condi- 
tioning room, the transformer vault and 
the general vault. Like the 
Coshocton building this serves as a divi- 
sional headquarters and as a Commercial 
office for the City of Portsmouth. Fig. 8 
is an east view of the Portsmouth build- 


storage 


TaBLE [I—ComPpaARISON OF EQUIVALENT Cost oF HEAT BY HEAT PUMP AND 
BY FUELS 











COST OF - 
ELECTRICAL COAL, PER TON 

ENERGY PER) |}— we 
KW-HR., CENTS 12,000 Btu 14,000 Btu 

PER LB. PER LB. 

i $10.20 $11.90 

1} 15.30 17.85 

2 20.40 23.80 





COST OF FUEL ON EQUIVALENT OUTPUT BASIS 
plc eb nnn tM tot a: 1 
GAS, PER 1,000 CU. FT. | OIL, PER GAL. 
550 Btu 1000 Btu | 125,000 Btu 
PER CU. FT. PER CU. FT PER GAL. 
fee 
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$0.23 | $0.u2u |  $0.052 
an ‘Sa CoN nt ae 
0.351 0.636 0.078 
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Assumed: Coefficient of Performance of Heat Pump—4.5 


Efficiency of Conventional Heating Systems—65°o 
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Fig. 5—Office Building at 


Coshocton, Ohio, Having Heat Pump Installation 





Fig. 6—Interior View in the Coshocton 





Fig. 7—Heat Pump Equipment Room 


in Basement of Coshocton Building 
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ing showing the main entrance. Fig. 9 
is an interior view of the first floor 
showing the cashier’s quarters in the 
background. The space in the fore- 
ground affords ample room and _facili- 
ties for the various merchandise displays. 
An auditorium occupies the northern 
portion of this floor. The stage in this 
auditorium is equipped with an all-elec- 
tric kitchen. The credit manager, petty 
cash, merchandise clerk and chief clerk’s 
offices are adjacent to the cashier’s space. 

The space along the west wall of this 

floor is devoted to the men’s and women’s 

rest rooms, stairs to the mezzanine vault, 
coat room, elevator and main stairway. 

These details are cited for Portsmouth, 

as they were above for Coshocton, to in- 

dicate the kind of living that is being 
done in the building. 

Fig. 10 is a view of the fourth floor 
air-conditioning equipment at Ports- 
mouth showing the refrigerant compres- 
sors, control panel, outside air unit, and 
connecting piping. The three pumps 
shown in this figure circulate the liquid 
through the system. The Freon com- 
pressor and refrigerant piping are in the 
background. 

I do not wish to here go into details 
of performance at either Coshocton or 
Portsmouth. This, as has already been 
pointed out, is being given elsewhere.‘*? 
But I do wish to abstract some of the 
general conclusions arrived at after three 
years’ operation, observation of, and 
tests on these two heat pump installa- 
tions: 

1. The Coshocton system, using water 

as the heat source, has operated en- 

tirely satisfactorily. The average 
coefficient of performance for the 

entire heating season is 3.6. 

2. The Portsmouth system, using air 
as the basic heat source, has oper- 
ated entirely satisfactorily when 
outdoor temperatures were 20F or 
above. Below 20F city water is 
used as an auxiliary heat source. 
This has given some trouble but 
not enough to seriously affect the 
overall performance. The average 
coefficient of performance for the 
entire season is approximately 3.0. 

3. The coefficients of performance ob- 
tained at Coshocton and Ports- 
mouth are about the average which 
can be expected under correspond- 
ing conditions using present day 
equipment and designs. How- 
ever considerable improvement in 
C.O.P. should result as improve- 
ments are made in the efficiency of 
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the compressor and the other equip- 
ment making up the system. 

All of the above is good as far as it 
goes. But it is also most disappointing 
because it must be apparent that, if the 
results cited here have been obtained, 
far more impressive results would be pos- 
sible if extensive development and effort 
had been put into it commensurate with 
its potentialities for benefiting the elec- 
tric industry. 

VI—The Heat Pump on the Distribution 
System 

Straight electric heating, it has been 
pointed out, will, except in isolated cases, 
find very little application because of 
(a) the inherent handicap that electric 
energy, and steam generated electric en- 
ergy in particular is under when attempt- 
ing to compete as a source of heat with 
directly released heat energy, and (b) 
the heavy distribution costs that a dis- 
tribution system supplying energy on a 
1:1 conversion basis would entail. Fun- 
damentally, the heat pump is in a posi- 
tion to overcome both these handicaps. 
It has already been shown how coefh- 
cients of performance of 3.6 have been 
obtained, and the basis for the belief that 
a coefficient of performance of 4.5 and 
higher can be confidently looked forward 
to in the future. 

What, however, of the distribution 
problem presented by the heat pump? 
Let us admit that the problem is not 
susceptible of exact solution at the pres- 
ent time. Frankly, we do not have 
enough exact knowledge about the char- 
acter of the load that would be imposed 
upon the distribution systems, particu- 
larly when the heat pump finds extensive 
residential application. There are prac- 
tically no heat pumps in service serving 
residential types of homes and the in- 
formation available, even as to the other 
installations, is limited. As a result it is 
necessary to speculate on the possible and 
probable performance using the meager 
data available, and resorting to engineer- 
ing evaluations of the known factors of 
the process. 

It is quite likely that, with a +.2 kw 
maximum input for the compressor mo- 
tor and auxiliaries, in a typical six-room 
house, using outside air as a heat source, 
it will require about six hours continuous 
running to bring the house temperature 
up from 60F to 70F in the morning, on 
an average winter day. That means that 
the unit would start at about 4+ a. m. and 
run continuously until 10 a. m. From 
then on during a day of average winter 
temperature the unit would operate on 
a fairly regular on and off cycle. As the 












Fig. 10—Air-conditioning Equipment in the Portsmouth Building 
Fourth Floor 
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outside temperature rises during the day, 
the cycle would gradually change to a 
shorter “‘on’” and a longer “off” period. 
In the evening the cycle would probably 
revert to the kind of cycle experienced 
during the late morning. From 12 p. m. 
to 4 a. m., assuming that the thermostat 
would be set for 60F, the compressor 
would stay off under average tempera- 
ture conditions or the operating periods 
would be of relatively short duration. 

During periods when outdoor temper- 
atures are at or below design values the 
unit would probably run continuously. 
If, on the other hand, the outside tem- 
perature is milder than the average, the 
load cycle would be such that the on 
periods would be shorter and the off 
periods longer than under average tem- 
perature conditions. These cycles would 
vary considerably for different geo- 
graphical locations and could be varied 
by varying the size of the unit and the 
amount of heat storage provided, but the 
more important economic factors in- 
volved would hardly change. 

If you plot the typical daily load 
curve for an average winter day of a 
residential consumer using all appliances, 
lights and the heat pump, you would get 
a curve resembling very much that 
shown in Fig. 11. Here I have shown in 
outline the total load curve of this typi- 
cal modern customer and in the hatched 
area the load curve of all of the cus- 
tomer’s load except the heat pump. A 
short dotted line on this figure shows 
the level of the maximum demand of 
the heat pump alone. While this curve 
shows a number of sharp peaks when 
the heat pump demand is superimposed 
on the peaks of the other load, this is 
characteristic only of an individual cus- 
tomer. The origin of these peaks is 
traceable to other loads than the heat 
pump, loads which we now serve, and 
whose peaks we know by experience, are 
smoothed out when combined in larger 
groups. Because of the inherently high 
load heat 
pump load there should result an im- 
provement in load 
result of serving the heat pump. It is in- 
teresting to note that the individual peak 
demand on the distribution system ca- 
pacity imposed on it by a heat pump is 


factor characteristic of the 


group factor as a 


less than that imposed by a present day 
otherwise fully electrified (that is non- 
fully electrified) home. While it is true 
that to serve a large number of heat 
pumps will require a greater system in- 
vestment than to serve an equal number 
of customers having all kinds of equip- 
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ment except the heat pump, this is due 
solely to the lower coincidence factor, 
along with the poorer load factor, of the 
latter type of customer. The expansion 
of the heat pump load will doubtlessly 
present some distribution problems, But 
these should be no more formidable than 
those that have been presented to the 
industry heretofore by several of the 
present heavy energy consuming or heavy 
demand devices. There is no reason to 
believe that, with the background of ex- 
perience available to the industry for 
serving economically the present class of 
heavy current consuming devices, there 
will be any basic or fundamental prob- 
lem involved in serving economically 
residential or commercial heat pump ap- 
plications utilizing properly developed 
and engineered heat pump equipment. 

ViII—What Consumption Can be Expected 
In a Heat Pump Conditioned All-Electric 


Home and How Can Such Homes be 
Brought About? 


In Fig. 12 I have shown the monthly 
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kilowatt-hours consumed in a typical year 
by a heat pump in an average well built 
six room house in the vicinity of Pitts- 
burgh. The curve is based upon an as- 
sumption that the house has a volume of 
12,000 cubic feet, that it is well in- 
sulated and uses double glazed windows. 
The heat loss of such a house on a —10F 
54,000 
This home could be 
heated with a heat pump having an av- 


day would be approximately 


B.t.u. per hour. 


erage input of 3.5 kw and a probable 
maximum input of 4.2 kw, provided the 
average coefficient of performance was 
4.5, and an off-peak storage tank of ap- 
proximately 1000 gallons is employed. 
This would require a total yearly kilo- 
watt-hour consumption for both heating 
and cooling of 10,900 kwhr, of which 
8900 are heating and 2000 are cooling. 
This then would make possible a con- 
sumption in the electric home of tomor- 
row as in Table III. Note this: (1) 


This is based upon existing devices of 
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TABLE ILI—ENeErcy CONSUMPTION IN THE ELEctTrRIC HOME or TomMoRROW— 
KWHR PER YEAR 














CLASS OF WITHOUT ELECTRICALLY HEATED 
ELECTRICAL ELECTRIC HEAT AND AND AIR CONDITIONED 
APPLIANCE AIR CONDITIONING BY HEAT PUMP 

Lighting, Misc. Appliances 346 346 

Refrigerator 312 312 

Radios 80 80 

Flatirons 64 64 

Washing Machine 24 24 

Vacuum Cleaners 20 20 

Toasters 15 15 

Electric Clocks 14 4 

Roaster 225 225 

Ironing Machine 100 100 

Percolators 72 72 

Space Heaters 45 45 

Water Heating 2,625 1,306 

Range 975 975 

House Yeatino 0 8,900 

House Coolinc 0 2,000 

| TOTAL 4,917 kwhr 14,500 kwhr 














known existing consumptions by every- 
thing except the heat pump. The heat 
pump figures are, however, highly con- 
servative. (2) The use of the heat pump 
makes possible an all-electric home hav- 
ing an annual consumption of 14,500 
kwhr instead of 4917 kwhr by a home 
using other forms of heat. 

Actually the comparison is even more 
striking than that. For it will be ob- 
served that it has been assumed that the 
use of the heat pump for heating would 
make possible its use for hot water also, 
and that the net effect of that would be 
the obtaining of hot water on an ap- 
proximate 2:1 coefficient of performance 
basis, and this would reduce the energy 
required for water heating by over 1300 
kwhr. We have then a choice of an elec- 
trified home with a heat pump having an 
annual consumption of 14,500 kwhr, 
against an annual consumption of +900 
kwhr in an electrified home without elec- 
tric heating and cooling. That is, we 
shall be able to continue to look to a 
consumption of +4900 kwhr provided 
electric use holds and expands the posi- 
tion it now occupies in the average home. 
But what guarantee is there that will 
continue to be the case? Is there not, as 
a matter of fact, danger that we will 
retrogress if we do not move forward 
and electrify services as vital to the 
health and comfort of a family as heat- 
ing and summer cooling? 

If what has been brought out up to 
this point has been sufficiently impres- 
sive and convincing to lead you to think 
that electric heating of homes by the 
heat pump can be made practical, and 
that it is, as a matter of fact, the only 
Way that the all-electric home can be 
made a reality, then at this point there 


will arise in your mind, or I hope there 
will arise the question, “How can we 
bring it about and what should be done? 
What should we as individual engineers, 
sales executives, operating managers or 
utility executives do about it?” 

I have given this matter a great deal 
of thought and I have the following sug- 
gestions: 


well trained and 
otherwise well qualified people in 


1. Assign some 
your organization to go into the 
problem, to study it and to follow 
it. Do this at once. Let them— 


stimulate or 
help the invention and develop- 
ment of and better com- 
pressors, heat transfer devices, and 
thus better heat pumps. Most of 
this work should be done by the 
manufacturers. Therefore, 


2. Invent, or promote, 


new 


with 
conditioning 


Establish intimate 
reputable air 


w 


contacts 
every 
manufacturer and see whether you 
cannot interest him in starting a 
program of development on the 
heat pump. 


4+. Of the 


above, 


group indicated in (3) 
make a special effort to 
establish contacts with those who 
are electrical manufacturers. Then 
make contact with the other elec- 
trical manufacturers, big, medium- 
sized and small, who may not at 
present be interested in air condi- 
tioning. If the bigger manufactur- 
ers cannot, or are not disposed to, 
pick up the idea, perhaps the 
smaller ones can, and will. The 
best news I have heard in connec- 
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tion with the heat pump since we 
first started working on the prob- 
lem in our company more than a 
decade ago occurred within the last 
30 days, when a mid-western man- 
ufacturer of coal stokers informed 
me that he expected to have 50 heat 
pump installations in service in 
homes by the end of this year. 

I realize that to carry out the 
four suggestions above may be a 
dificult thing to do today, con- 
fronted as we all are with a short- 
age of personnel. But still I cannot 
believe that there isn’t some per- 
sonnel in almost every organization 
that is not directly concerned with, 
or that is non-applicable to, the 
war effort, and that could be put 
to work therefore on the problem. 


Nn 


Many of you are, without a doubt, 
preparing plans for postwar con- 
struction of office buildings, service 
buildings, operators’ cottages and 
structures of that kind. Make it a 
point to see that a heat pump in- 
stallation is carefully considered in 
each case and all the factors bear- 
ing upon the choice are given con- 
sideration and see if a heat pump 
installation cannot be justified. In 
that connection do not lose sight of 
the importance to your own or- 
ganization to obtain the know-how, 
the feel, and understanding of the 
many advantages, but also of the 
problems and difficulties, and of 
the means for solving them, pre- 
sented by heat pump heating and 


cooling. 


6. It may be necessary and desirable 

to establish and set up 
with 
There are such 


contacts 


some cooperative program 


other industries. 
people as progressive and forward- 
looking builders of homes and a 
number of these must be found 
who could be interested in develop- 
ing the all-electric home. We badly 
need the benefit of experience that 
can come only from building heat 
pump heated and cooled homes to 
be occupied by typical American 
families. We need the experience 
gained from having hundreds of 
such homes lived in next winter. 


~ 


Above all, let us keep in mind that 
there is no time to lose. The gas 
industry, for example, is not dedi- 
cating itself nor its talents and ef- 
forts to developing the all-electric 


(Continued on page 272) 
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Higher Distribution Voltages for Post-War Loads 


By A. E. Silver 


Ebasco Services Incorporated, New York City 


Address before the Annual Meeting of the Edison Electric Institute, New York, June 7, 1944 


USINESS is directing concerted 

thought to negotiating success- 

fully the post-war situation. Util- 
ities are earnestly endeavoring to pre- 
dict post-war load trends, both as to 
character and as to growth. Predictions, 
of course, vary widely, but nevertheless, 
for commercial and residential areas, 
add up to heavy demands from load 
comeback and expansion. I have figures 
of post-war residential loads composited 
from painstaking forecasts by twenty- 
two representative utility companies, 
showing for 1950 53 per cent increase 
over 1943. This means, instead of the 
1,080-kwhr country-wide average an- 
nual residential consumption of 1943 
that the 1950 average would be 1,650 
kwhr. Many think this very conserva- 
tive. Load densities will be far greater 
than ever before. Utilities, in common 
with other businesses, will be facing 
high labor taxes. Major 
changes of practices may well be in or- 
der. 


Loads Outgrowing 4-Kv Primaries 


costs and 


From the direct-current beginning, 
facilities for delivering electric service 
have come forward by steps of evolu- 
tion. Following advent of the trans- 
former down to approaching the turn of 
the century, 1,100 volts was extensively 
used as a primary voltage, and its capa- 
bilities were in keeping with the very 
limited lighting loads of that day. With 
continuing increase in loads in homes, 
stores and shops, this voltage was dou- 
bled and 2,200-volt primaries met the 
needs for a decade and more. Then, fol- 
lowing the First World War, flourished 
the next stage of stepping up load-carry- 
ing ability at moderate cost—that of Y 
connecting the 2,200-volt primary cit 
cuits for +,000 volts, and this has served 
Now, as 


we measure the capabilities of this 4-kv 


well for roughly two decades. 


system against the loads seriously ex- 
pected to follow the present war, we 
Higher 
primary-voltage systems in the 12,000 
to 14,400-volt range can easily handle 
these post-war loads. 

I wish at this juncture to define a 
circuit designation that I 


find it of inadequate stature. 


shall use 
henceforth for simplification of expres- 


sion. As found countrywide today, pri- 
mary circuits in the lower-voltage class 
are rated at a variety of values, includ- 
ing 2400, 4160 and 4800 volts. Any 
voltage in this group I shall term 4 kv. 
Similarly, any rating in the 11,000 to 
14,400-volt and even higher range will 
be termed 12 kv. An exception will be 
in referring to a specific operating sys- 
tem, when rated 
be given. 


actual voltage will 

The higher distribution primary volt- 
ages have been in successful use many 
years, serving industrial loads in urban 
areas, also serving rural areas, includ- 
ing those villages that developed from 
crossroads’ communities after the ad- 
vent of circuits. 
reality, at the 
present time, a large portion of towns 


higher-voltage rural 


Notwithstanding this 


and cities of this country is supplied by 
long established primary distribution 
systems falling in the 4-kv class. Physi- 
cally, expansion still can be accomplished 
by adding more circuits and equipment 
of the same type. Furthermore, a ques- 
tion of obsolescence is raised for the ac- 
cumulated investment in existing facili- 
ties. Breaking away 
lished practice never is easy. However, 
utilities on previous occasions have re- 
liantly accepted essential advances in de- 
velopment of our art and can be de- 
pended upon to deal soundly with the 
necessities this time. 

For 15 years and more, Ebasco en- 
gineers have been identified with studies. 
made from time to time, of specific ur- 
ban situations involving long established 


Many 


of these have shown definite possibilities 


lower-voltage primary systems. 
of cost savings and other benefits from 
instituting well considered step pro- 
grams for bringing in a higher primary 
voltage. Some companies have put such 
findings into practice by stopping expan- 
sion of a 4-kv system and providing 
12-kv primaries to take the load growth. 

A very good example is Dallas, Tex., 
the overhead districts of 


served by 4-ky 


from a 13.2-kv sub-transmission system 


which were 


radial circuits supplied 


through conventional transformer sub- 


stations. Beginning in 1937, in lieu 


from long estab-- 


4+-kv — sub- 
station capacity, there was undertaken 
gradual conversion of 13.2-kv primaries. 
This progressed from the 
fringes toward the center of supply. 
Now this 13.2-kv primary system com- 
prises 450 miles of circuit, exclusive of 


of installing additional 


conversion 


sub-transmission, and serves a large por- 
tion of the residential and light com- 
mercial areas of the city. This system 
is rather fully described in a two-part 
article appearing in last April 1 and 15 
issues of Electrical World. 
Economy 

In approaching this higher-voltage 
project, one of the first questions en- 
countered is whether investment in the 
lower-voltage system will be rendered 
obsolete prematurely. Such obsolescence 
Also, this change of 
basic plan frequently can be initiated 
without increasing the immediate capital 
outlay over that required for expanding 


is unnecessary. 


the lower-voltage primary system. 

Greatest economy is obtainable where 
an existing generating and sub-transmis- 
sion voltage is at a level suited to the 
primary voltage purpose. This avoids 
one step of transformation with asso- 
ciated substations. However, in some 
situations involving, in either case, trans- 
formation from a transmission voltage to 
the primary voltage, studies have shown 
savings in overall costs for the higher 
voltage. The chief savings in this latter 
case must be found within the primary 
circuits and include lower investment in 
conductors, savings in energy losses, and 
savings in pole lines because of fewer 
circuits. Substation costs are reduced 
because of fewer circuits and, in some 
cases, may be further reduced by avoid- 
ance of individual circuit voltage regu- 
lators. 

The higher cost of distribution trans- 
formers and accessories, of course, part- 
ly offsets the savings but this cost incre- 
ment is minimized by 7.2-kv_phase-to- 
neutral transformers on four-wire multi- 
grounded 12-kv_ cir- 
cuits, entirely similar to the conventional 
4-kv system. Most of the higher-voltage 
primary systems with which I am famil- 
iar are of this type. 


common-neutral 
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I will refer to one example of cost 
S comparison, roughly typical of a sub- 
stantial number of cases studied, of con- 
tinuing urban distribution-system expan- 
sion at 4 kv versus gradual conversion 
to 12 kv: 
In 1939, Salt Lake City of 150,000 
population was served at 4 kv, for the 
most part stepped down from 44-kv 
transmission system. The need was 
b- faced for a new substation in a rapidly 
en growing residential section where the ies a 
eS. area load had reached 4400 kva. A 
he study was made of the relative econo- 
} e . ° ° e ° 
Ly. mies of expanding 4-kv distribution as 
; ° P > a PRIMARY 
m- compared to conversion of the area to v it : 
of 4 rm: 2 r ° 4 =r 
11 kv. This study was projected ahead = He, 
” _ ; ; AW Sua 
T- to doubling of the load in an assumed fay c INS 
: i — | eae 
m- 10-year period. Estimated annual costs, \ 
mi including fixed charges on investment, By | ee 
irt operating costs, and costs of energy | | 36 \ 
15 losses, showed aggregate cumulative 
savings of $144,000 in favor of con- 
version of 12-kv primary distribution. 
‘ ° t 
A plan for such conversion was adopted. 
oe ; ; : 
Be It is emphasized that in this case a 
ransforming substation was required re- 
the Bp Ne | 

gardless of primary voltage. Sat 
me L_—__Lanes 
1ce Experience Ja =e 

ot Eleven client companies, upon re- 
ted quest, have contributed up-to-date re- SR OUNE ¥ 
tal views of typical experience in conversion —<—p le 
ing from the lower to the higher-voltage = = 

standard in urban areas, with particular FRONT ELEVATON SIDE ELEVATION 
ere reference to operation. I can assure you NOTE: THIS CONSTRUCTION TO BE EMPLOYED WHERE BFEAKER 

° +} . . . AND FUSE OPERATION ARE COORDINATED. 
1is- that these reviews are impressive, but 
the time permits > a high-s : SI ’ ys oA , ’ 1 P . Ce 
- me pero only ? high spor — ite Fig. 1—Standard Single-Phase Lateral, 7.6-Kv. Phase-to-Neutral. Florida Power §& 
ids of this with other information. The sta- Light Company. 

SO- tus of conversion in some of the typical ‘ : : . . 

me ‘ities and tow reported is vive : Note: Absence of crossarms; single hot primary wire at pole top; common primary and 
cage ae icy Mame Una eens Seen (ae secondary neutral; open double spill gap at transformer bushing for lightning pro- 

ns- lable I. tection; absence of primary cutout circuit, sectionalizing fuses being depended upon. 

» to 

wn Tas_e [—Cities ANp Towns TypicaL oF CONVERSION TO HIGHER In addition to Tyler, Texas Power 

> y _ . ) | * . ~ 

her VoLTAGE PRIMARIES & Light Company reported on other 

ter towns of over +000 population—six 

ary Present Overhead Distribution served exclusively at 12 kv and 10 more 

rin or System Load partly at 12 kv and partly at a lower 

ate Conversion to : , : 2 
and ‘ —_ a : : Re ere eee 
Higher Voltage voltage. One of the latter, Waco has 

wer City or Town Population** Was Started Total Portion at 12 Kv a population of 56,000, with over one- 

ced / ; : ane ~~ third of its load served at the higher 

me Sanford, N. C. 9,800 Several years 4,000kw | 100% voltage. 

vid- Cee | prior to 1940 | : 7 Florida Power & Light Company re- 

a Tyler, Texas... 28 ,000 1928 8,500 kva | 65% } Sica i ll : 

= Nampa, Idaho. aval 12,000 | Over 10 yrs. ago | 5,100 kw 35% ported a number of towns and villages 
_ Falls, Idaho Sahel 12,000 Over 10 yrs. ago 3,800 kw 29% served either wholly or partly at 13.2 kv. 
ttle Rock, Ark 88 , 000 1935 24,000 kw 67% ‘ f : 

e x, “ATK. + , Je “t, A Sever; > companies rep . at 
in ‘ion te, 62 000 1936 12° 400 kw 500% everal of the companies reported tha 
art- Dallas, Texas. .... | 350,000 1937 | 50,000kw | 30% many Army Cantonments have employed 
cre- Ft. Worth, Texas --| 220,000 1937 28,500 kva | 20% the higher-voltage primaries for area 

Miami, Florida aie 172,000 1939 | 36,000 kw 31% ce aie é 
-to- Spokane, Wash. ....| 143,000 | 1939 | = - 39.000 kw 1507 distribution systems and one company re- 
ilti- oy Lake City, Utah Tr 150,000 1940 | 35,400 kw 10% ported several war housing projects sim- 
tae ichita, Kansas : | 222,000°* =| 1940 21,000 kva 5% 5 eS eee 
clr- Raleigh, N.C... ; | 62,000 | 1940 | 15,300 kw 18% ilarly se rved. 
onal | | Objectives 
age —-——— In practically every case, the chief 

il- * In some cases, 1940 census, in others present estimated population. : e ; ° 
mil teed eee geen. ee ee pi een reason given for embarking on a pro- 
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Fig. 2—Three-Phase 12-Kv_ Line 


Serving 
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Residential Fig. 


District, Fort Worth, Tex. 


City-owned street lighting wires and telephone cable on same poles. 


gram of conversion was economy. In all 
cases, the program has been based on 
the avoidance of expansion of the lower- 
voltage system through area-by-area con- 
version at the rate required by load 
growth and by expanded life of lower- 
voltage equipment. In some cases, one 
system-voltage level has been eliminated, 
also in some cases, primary circuits origi- 
nate directly at the generating station 
bus, thus avoiding transformation ex- 
cept at the service stepdown. 

Another reason is reduction of pole- 
line congestion. At the higher voltages, 
in urban areas, distances of feed are 
much less This makes 
handling of load growth largely a mat- 


controlling. 


ter of taking off circuit branches or add- 
ing primary circuits as required. Fewer 
circuits mean less conductors on poles 
in vicinity of supply centers, and espe- 
cially so in areas where the sub-trans- 
mission voltage is eliminated. 

Some referred particularly to the flat 
profile with the higher voltage as con- 
tributing greatly to quality of service. 
For the same load, distance and circuit 
copper, the percentage line voltage drop 
at 12 kv is one-ninth that at 4 kv. In 


practice, part of this advantage is dele- 
gated to higher loading, greater distance, 
By judicious bus- 
individual 


and smaller copper. 


voltage regulation, circult 


regulators frequently may be avoided. 

As in voltage drops, for the same 
loads, distances, and conductor sizes, 
energy loss at 12 kv is one-ninth that 


at + kv. 


Service Reliability 


Many people today appear of the defi- 
nite belief that with the greater load 
capacity, greater circuit length and 
greater geographical exposure relative to 
lower-voltage primary practice, service 
continuity must be sacrificed in using 
the higher voltage. I do not agree. 

It is still impractical to avoid insula- 
tor fiashover and tripout from lightning 
on distribution circuits. Lightning trip- 
outs are accepted as a matter of course 
and on many systems circuit restoration 
is still performed manually. Operating 
records from distribution experience gen- 
erally show 85 per cent or more of cir- 
from 


mostly lightning, as 


cult interruption to originate 


transient causes, 
compared to 15 per cent or less that in- 


herently prevent immediate service res- 
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3—Single-Phase Lateral, 7.2-Kv to Neutral. Fort 


VW orth : Tex. 


Joint construction with open-wire telephone circuits. 


toration. By application of modern re- 
lays and circuit-controlling 
devices, transient faults can be removed 


associated 


and circuit re-energized with outage du- 
ration of only a fraction of a second, 
and with negligible effect upon the use 
of service. 

It was brought out in the Dallas ex- 
perience that five circuits aggregating 
326 miles encountered 197 cases of trip- 
out, and 25 branch and section fuse 
openings in one year of operation. One 
circuit tripout resulted in lockout of 
20 minutes, and one locked out a circuit 
equipped only for single automatic re- 
closure which was reclosed successfully 
by hand. Counting the latter lockout 
among the momentary interruptions, this 
means that, on the basis of estimated 
averages for the entire 326 miles of cir- 
cuit, each customer experienced outage 
of 20 minutes or more at the rate of 
once in approximately two years and 
momentary interruption 40 times per 
year. 

May I volunteer that this calibre of 
service is entirely adequate for the cus- 
tomer’s best interest; also that it is of 
a higher degree of continuity than is 
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Fig. 4 
Wash. 


Single-Phase Lateral, 7.6-Kv to Neutral. Spokane, 
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Note, tree conditions; also secondary-rack extension and crossarm 
support for telephone cable required by state law. 


customarily realized from 4-kv_ over- 
head primary circuits in 
mainly residential areas of high lightning 
exposure. Furthermore, when service of 
the order being given in Dallas over 
13.2-kvy radial circuits is 


distribution 


single-circuit 
practical of accomplishment, it not only 
is unjustified expenditure but building a 
vulnerable competitive position to con- 
facilities and 
other gadgets addressed to the objective 


tinue adding duplicate 
of “always better service.” Our con- 
stant objective must be to give “ade- 
quate” service, but the continual urge 
to “gold plate” service leads to frequent 
increments of unneeded investment and 
maintenance. 


Working Lines While Energized 


Operation of the higher-voltage dis- 
tribution circuits involves much the same 
procedure as conventional lower-voltage 
systems. All of the companies use live- 
line tools or “hot sticks” when working 
lines alive, except one that uses “hot 
sticks” for some work, and, in good 
weather, rubber gloves for other work. 

Safety records at the higher voltage 
have been excellent. Safety to the public 
is most effectively provided by imme- 
diately de-energizing any fallen conduc- 


tors. Circuits at 12 kv “relay out” more 
positively than do those at + kv. No 
doubt, some accidents to linemen from 
carelessness have been avoided due to 
the psychological effect of the higher 
voltage in promoting care. No evidence 
of reduced safety was reported by any 
company. One company reported that 
linemen consider it safer to work the 
higher-voltage with “hot 
sticks”’ than the lower voltage with rub- 


primaries 


ber goods. 

With respect to live-line tools, one 
of the questions most frequently asked 
is whether line work is not appreciably 
slowed as compared to the use of rub- 
ber goods on the lower-voltage prima- 
ries. Client opinion was about evenly 
divided as to whether or not increased 
time is required for given maintenance 
operations, although pointing out that 
the time taken to place rubber shields 
and protectors is avoided in the case of 
“hot-stick”” work. 
nance is required because of fewer cir- 
cuits. One company stated that time 
on the simpler 12-kv lines with “hot 
sticks” is comparable to rubber gloves 
on the lower-voltage lines with more 
numerous wires. One stated that the 
smaller conductors at 12 kv are easier 


Less overall mainte- 
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Fig. 5—Single-Phase Lateral, 7.2-Kv to Neutral, Serving 
Residences. 


and less expensive to work than the 
larger +-kv rubber 
goods. One mentioned that work on 


conductors with 


dead ends and corner poles requires more 
time with “hot sticks’ at the higher 
voltage. One company that uses special 


short-handled live-line tools concludes 
that the overall time taken for usual 
types of line work actually is less with 
“hot sticks.” 
operating people after a period at the 


It has been remarked by 


higher voltage that no increase in line 
crews was required. 
Trees 

Shade trees probably cause the leading 
apprehension on higher-voltage distribu- 
That 
this is largely a mental hazard has been 
proven where the problem has been faced 


tion for residential urban areas. 


squarely, with determination to find a 
solution. The fewer circuits and simpli- 
fied single-phase construction facilitate 
maintaining clearance, and it usually 
works out that trees prove no more 
troublesome at 12 kv than at 4+ kv. Ma- 
jority client opinion rates more tree 
trimming at the higher voltage, but less 
faults due to trees with better clearance 
provided. An exception is in areas where 
extensive use of tree wire has become 
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Fig. 6—Single-Phase Lateral, 7.6-Kv to 


1 €x. 


established as the basic solution. “To 
date, low-cost tree wire suitable for use 
at 12 kv has not been developed. Aerial 
cable can be used as a solution for scat- 
tered “bad spots” 
fecting the economic picture. None of 


without unduly af- 


the companies reporting use appreciable 
amounts of tree wire at the lower 
vo.tages. 

Joint Use of Poles 


Joint use at the higher voltage is prac- 
ticed in every case, and no abnormal 
problems were reported. 

Joint use at + kv is thoroughly estab- 
lished and widespread. It is natural, of 
course, that increasing primary voltage 
to 12 kv should call for cooperative re- 
examination of the measures of coordina- 
tion. In through this 
course, adjustments have been worked 
out so that joint use has been continued 


specific cases, 


at the higher voltage with mutual bene- 
fits unimpaired. Safety to communica- 
tion plant and personne! and to tele- 
phone users is of first importance. It 
can be provided by cooperative engineer- 
ing and basically simple measures, which 
include: 

Rapid relaying of power circuits for 
immediate de-energizing of a fault. 

Fuses in power-circuit branches. 


EDISON 


Neutral, Dallas, Fig. 7—Single-Phase Lateral, 
War Housing Project, Spokane, 


Attention to impedance in the power- 
system neutral to avoid excessive fault 
current, 

Common grounding of 


power and 
communication circults. 

Overvoltage discharge gap (99A pro- 
communication 


tector) on open-wire 


a Radio Interference 

Only one company reported any add- 
ed problem of radio coordination. This 
one case was solved by the use of spe- 
sial insulators or pins with wooden tops. 
Two companies reported using special 
insulators as a precaution. 

Street Lighting 

What to do with series street-lighting 
circuits in higher-voltage primary dis- 
tribution areas may present somewhat 
of a problem. One solution is to initiate 
a program of conversion from series to 
multiple type of street lighting, geared 
to the program for converting to higher- 
voltage primaries. This incentive prob- 
ably wil prove a virtue, for there are 
very many areas where existing street 
lighting will be outmoded and needing 
modernization post war. 
distribution 
secondaries generally available, the mul- 


For urban areas with 


tiple system offers monetary savings. In 
residential areas where single-phase pri- 
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7.6-Kv to Neutral, Serving 


Wash. 


mary laterals prevail, multiple street- 
lighting permits a single hot higher- 
voltage wire carried on pole-top pin, 
with maximum simplicity on the pole, 
pleasing appearance and ease in avoid- 
ing tree interference. 

I have selected for illustration a few 
prints typical of this higher-voltage pri- 
mary distribution practice. These are 
shows as Figs. 1 to 7. 


Summary 


in closing may I brief conclusions 
from the coverage of my subject: 

(1) There is general belief that post-war 
residential and commercial loads will ad- 
vance rapidly. In many situations, present 
4-ky primary distribution systems will stag- 
ger under the demands. Bold, advance 
preparations will be necessary to prevent ser- 
vice from bogging down. 

(2) Compared with 4-kv, one available 
measure for accepting doubled, tripled, quad- 
rupled or even more load, without increasing 
the amount of copper in the air, is the 12-kv 
primary circuit. I believe urban distribu- 
tion-system loading in the industry generally 
is near the stage that a movement to higher- 
voltage primaries is inevitable. 

(3) Far-sighted planning, with ingenuity, 
can lay down stepped programs for conver- 
sion of primary circuits from 4 kv to 12 kv 
that will provide adequate service standards 
with improved voltage, save in aggregate in- 
vestment and energy losses and with very 
moderate absolescence. 

(4) In operation, higher-voltage primaries 

(Continued on page 271) 
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Modern Equipment Aids System Savings 
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Manager, Industry Engineering Department, Westinghouse Electric and 


Manufacturing Company 


Address before the Annual Meeting of the Edison Electric Institute, New York, June 7, 1944 


HE electric industry has estab- 
lished an enviable record in the 
way it has met the demands and 
requirements created by the impacts of 
Its performance has confounded 
and 
But it must not 


war. 


ts worst critics 


surprised its 
staunchest supporters. 
rest long on these laurels. The hazards 
The 


mark of a healthy industry is its pro- 


of complacency are well known. 


gressive growth. Precedents and customs 
which have reached the limits of their 
possibilities must be pruned out so that 
new growth can be stimulated by the 
light of new and changing conditions. 

The coming of peace will bring many 
new problems to the industry. They will 
be varied but most of them will involve 
questions of economy in some form. The 
ideas set forth in this paper are present- 
ed as constructive suggestions intended 
to further the common interests and ob- 
jectives of manufacturers as well as 
power companies in promoting an in- 
dustry that will be a real servant both 
to its owners and to the country as a 
whole. 

The steady decrease in price of elec- 
trical energy, shown in Figure 1, is a 
delight to us all. It has stimulated much 


PRICE OF 
S/awn 


COST OF 


*/nwn 


1925 


1930 1935 





Fig. 1—Trend in Price and Cost of Energy 


We are 
doing things electrically today that have 
made our way of life better, that would 
have been impossible 20 years ago. 


development in all industries. 


That costs have not decreased as rap- 
idly as prices is somewhat distressing. 
There is trouble— 
ahead if the trends continue as indicated 
in Figure 1. 





trouble—serious 
There must be a reasonable 
margin between cost and price of energy, 
if the industry is to remain virile. To 
increase prices will be difficult, if not 
impossible. Furthermore, I question its 
desirability, even if it could be accom- 
plished. The conclusion is obvious. Find 
This is not 
easy, for reductions in cost must not be 


methods of reducing costs. 


made at the expense of service reliability 
or by cashing some of the system re- 
serves. A 
should be 


reasonable reserve capacity 
for several rea- 


sons, the best of which is to withstand 


maintained 


the impact of war and other emergen- 
cies, of which we have just had such a 
vivid example. 


Methods of Reducing Capital Costs 
Any reduction in capital costs will 


also affect maintenance, taxes and other 
costs that determine the overall cost of 


production. This discussion will only 


cover capital costs. Methods of reducing 
capital costs could be the subject of a 
book. A few of the chapter subjects for 
such a book might be: 


1. Use equipment up to its economic limit 
of loading, especially for short-time over- 
loads occurring infrequently in case of emer- 
gency. 

2. Provide wattless capacity at the 
to derive the greatest kilowatt 
pacity per dollar of investment. 

3. Encourage high load-factor loads, which 
result in a maximum number of kilowatt- 
hours for a given system investment. 

4. Eliminate spare equipment, where the 
superior reliability of modern equipment 


loads 
system Ca- 


with short-time load capacity or portable 
equipment can be used. 
5. Encourage standardization of methods 


and equipment to minimize designs, draw- 
ings, tools, jigs and fixtures for heavy ap- 
paratus and in addition, allow volume pro- 
duction when manufacturing the smaller 
apparatus. 

6. Simplify system lavout and reduce com- 
ponent parts of the system to a minimum. 
This is the chapter subject that will be dis- 
cussed in this paper. 


Simplify System Layout and Reduce 
Component Parts to a Minimum 

The possibility of simplification of 
system layout and component parts is 
of utmost importance. The public has 
been educated to demand a high degree 
of continuity of service and is so depen- 
dent on good service now that lowering 
the standard of service would be as dif- 
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Fig. 2—Effect of Reliability of Apparatus on System Cost 
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ficult as increasing prices. We should, 
however, review the system layout now 
to take into account the improvements 
that have been made in apparatus and 
system designs to improve service relia- 
bility. This is important because only 
up to a certain point do increased costs 
bring improvement in quality of service. 
Then we reach the point of diminishing 
returns and costs become excessive for a 
small improvement in quality of service. 
Let us consider the example of Figure 
2 which is drawn to illustrate this point 
and does not necessarily represent any 
particular system. In this example let 
us assume that for the equipment avail- 
able in 1920-1930 it was necessary to 
put sufficient apparatus, lines, etc., into 
the system to get the quality of service 
indicated. But apparatus, line designs, 
and methods of operation have been im- 
proved, so that for systems with modern 
apparatus, the same quality of service 
can be obtained at much less investment. 
This may in many cases be an exagger- 
ated example but it illustrates the point 
that full advantage of improvements in 
equipment should be taken when plans 
for changes or extensions are made. This 
is such an important point that, before 
examining specific possibilities, we should 
briefly review some of the advances that 
have been made in apparatus and system 
improvements in the past 20 years. 


Apparatus and System Improvements 
During 20-Year Period 
Turbine Generators—Total outage 
factor has steadily decreased from 15.3 
per cent in 1922 to 6.11 per cent in 
1941, or maximum possible unit opera- 
tion has steadily increased from 84.7 
per cent in 1922 to 93.86 per cent in 

1941. 

Circuit Breakers—All modern circuit 
breakers are now tested at full published 
kva interrupting capacity in factory lab- 
oratories. “Twenty years ago designs 
were based on a few field tests and ex- 
perience. 

Interrupting time has steadily de- 
creased. “Twenty years ago the inter- 
rupting time of high voltage breakers 
was about 25 cycles. The first published 
opening time for oil breakers was 12 
eveles in 1929. This was reduced in 
1930 to 8 cycles. The published inter- 
rupting time of 115-kv breakers and 
above is 5 cycles, which is approximate- 
ly one-fifth of the original figure and 
3-cycle high-voltage breakers are avail- 
able. 

Breakers are now rated on a 15-sec- 
ond duty cycle and have relatively small 
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derating factors for fast reclosing. This 
is possible because interruption is accom- 
plished with only a fraction of the arc 
energy and consequent gas formation. 
Breakers 20 years ago were rated on a 
two-minute duty cycle. 

High-voltage breakers can be built 
for reclosing in 20 cycles, a speed im- 
possible only a few years ago. This per- 
mits economies in transmission-line con- 
struction. 

Modern circuit breakers meet the 
basic impulse levels. Their insulation 
can be coordinated with other apparatus 
on the power system so that uniform 
surge protection can be provided in the 
station. 

Because of the greater  corrosive- 
resisting metals and other improved ma- 
terials as well as the use of more eff- 
cient arc-interrupting devices, modern 
breakers do not require maintenance and 
inspection nearly 
old breakers. 


as frequently as. did 
Many indoor types of 
breakers are of the oilless type, which 
minimize fire and explosion hazards. 

Metal-Clad Switchgear — Standard- 
ized metal-clad switchgear assemblies 
are now available utilizing modern 
breakers and incorporating safety fea- 
tures from an operating point of view 
that were difficult to get in the ordinary 
assembly of substation. Where concen- 
tration of power necessitates it, the 
equivalent of segregated phase in metal- 
clad switchgear can be obtained using 
only a small portion of the space re- 
quired for the conventional segregated- 
phase switchgear. Bus runs are all in- 
sulated for full voltage. These bus runs 
have a practically perfect service record. 

System Relaying — System relaying 
has been improved so that, in combina- 
tion with the high-speed breakers, faults 
can be cleared in a few cycles instead 
of seconds as was the case 20 years ago. 
Relaying systems have been made more 
reliable and have been improved through 
modern methods of application. Overall 
fault clearing times of as low as 4 cycles 
are possible. Fault clearing times of 
6 to 9 cycles are common. 

Transmission Lines — High-voltage 
outage-proof lines are now in operation 
as a result of the work done over the 
past 20 years. 
formance can be credited largely to low- 


Improvements in_ per- 


ering of tower-footing resistance, more 


adequate shielding, and _ coordinated 


tower designs. High-speed clearing of 
faults has reduced the burning, usually 
permitting immediate reclosure. Several 
lines have been in operation for 10 years 
with practically perfect operating record. 
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Many lines, 66 kv and above, have had 
an outage record of less than one per 
100 miles per year. The outage factor 
of one 66-kv line built in 1911 has been 
reduced from 45 outages per 100 miles 
per year to three simply by reducing 
tower-footing resistance. A further re- 
duction to one outage per 100 miles per 
vear would result from adequate 
shielding. 

Low-voltage outage-proof lines are 
possible through the use of protector 
tubes. In one case equipping 13.8-ky 
lines with tubes every second pole on 
all three phases reduced outages from 
42 to 2 per 100 miles per year. Lines 
can also be built with spacings and con- 
ductor arrangements that lend them- 
selves more readily to self-clearing char- 
acteristics than do older lines. 

Cables—Joints in high-voltage cable 
have been improved so that there are 
only approximately one-third the num- 
ber of cable-joint failures in 1940 as in 
1925, whereas in the cable itself, fail- 
ures are only one-half as likely as in 
1925. 

Network 
ures of network transformers per 100 


Transformers — The fail- 


banks per year have been reduced to 30 
per cent of those experienced in 1930. 
Lightning-Protection Devices—Light- 
ning protection devices are now  thor- 
oughly tested in the factory to assure 
uniformity. Modern arresters will dis- 
charge practically a direct stroke of 
lightning and still protect the apparatus. 
This is in contrast to the devices built 
some 20 years ago which would pass 
only a small fraction of the current that 
could be encountered and provide pro- 
tection. This will be discussed in detail 
in connection with transformers. 
Power Transformers—Many devel- 
opments have led to greater reliability 
of transformers. Also, the introduction 
of tap-changing-under-load equipment 
has made possib'e more effective use of 
lines and equipment than with plain 
transformers. Some of the improvements 
in the decade from 1922 to 1932 are 
improved oil, sliverless copper, paper- 
insulated conductors, brazed coil con- 
nections, better gums and varnishes, in- 
ert gas to protect the oil from oxygen 
both in operation and during shipment, 
and surge proof design. Impulse testing 
to meet basic insulation levels has been 
of particular significance. The impulse 
strength of transformers has doubled in 
the last 24 years, while the protection 
ratio of lightning arresters has decreased 
by one-half, as illustrated in Figure 3. 
This means that where the protection 
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Trends in Impulse Stength of Power 
Transformers and Lightning Arrester 


Protection Ratio in the Past Two Decades 
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Fig. 3—Trends in Impulse Strength of Power Transformers 
and Lightning Arrester Protection Ratio in the Past Two 
D. ¢ ade Ss 


afforded by lightning arresters was mar- 
ginal or questionable in the early ’20s, 
the present protection devices limit the 
voltage under similar conditions to ap- 
proximately one-half of the 
strength of 


surge 
the transformer winding. 
This gives a large margin of protection 
ability and therefore a much greater 
degree of assurance of protecting the 
transformer under all types of service 
conditions. Modern protection devices 
give good protection to many of the 
older transformers. The methods of 
applying devices are now 
much better understood than they were 


protection 


20 years ago. 

Since 1932 we have adopted such gen- 
eral improvements as better tank seals, 
stronger mechanical parts, better brac- 


ing of conductors, better insulation 
through vacuum filling, steep-wave 
front design and testing, loading by 


copper temperature, and the air-cooled 
transformer in classes up to 15 kv. The 
use of a relay that closely follows the 
characteristics of the trans- 
former, allowing maximum loading 
within safe limits, permits greater utili- 
zation of transformer capacity. 


thermal 


Auxiliary cooling equipment has been 
used extensively in the last decade to 
increase transformer capacity. This al- 
lows a normal economic selection of 
transformers for ordinary operating con- 
ditions but provides reserve capacity. 
Loading by copper temperature utilizes 
the equipment to its fullest with mini- 
mum risk of damage. 

Distribution Transformers—As with 
power transformers, one of the out- 


standing contributions to more reliable 


operation of distribution transformers 
has been the improved impulse charac- 
Full advantage can be taken 
of this through the use of lightning pro- 


teristics. 


tection devices capable of discharging 
most direct strokes of lightning. In 
1,900,000 transformer years of service 
the field failure rate of the protective 
devices used with transformers of mod- 
ern design has been 6/1000 of 1 per 
cent per year. In the last decade dis- 
tribution transformer failures of all 
types including windings, protective de- 
vices, etc., dropped from 8/10 of 1 per 
cent failures per year to 1/10 of 1 per 
cent on a particular group of  trans- 
formers. 

With the conventional methods of 
protection used approximately a decade 
ago, outages could be expected on 10 
to 20 per cent of transformers each year. 
With the more modern methods of pro- 
tection that have been devised, this has 
been reduced to a fraction of | per cent. 
One company, after a complete review 
of their transformer troubles, found that 
70 per cent of their interruptions in 
1942 were caused by lightning. With 
conventional protection devices they had 
trouble on 15.7 per cent of their con- 
ventional transformers through fuse op- 
erations, while with the more complete 
tvpe of protection, without fuses, the 
failure rate was but 0.4 per cent. 

With the greater reliability of mod- 
ern distribution transformer they can 
be loaded higher than was thought pos- 
sible a decade ago. Within the limits of 
regulation, system costs can be lowered 
quite materially through working the 
distribution transformers up to their 
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thermal limit. Many transformers have 
been installed whereby the loading limits 
are determined by thermal devices. In 
many cases it is possible to use smaller 
transformers than the conventional type 
protected with fuses. 

General—These examples are incom- 
plete but suffice to show that in the last 
20 years the reliability of equipment has 
materially improved so that it should 
be possible to modify our thinking in 
connection with the equipment that is 
put into systems and still maintain a 
reliability. Also, the 
pyramiding of probabilities should be 
eliminated where possible to minimize 


high degree of 


the amount of equipment necessary to 
secure a given reliability of operation. 
If too much equipment is installed in 
an attempt to secure an abnormal degree 
of reliability, it is quite possible, actua!- 
ly, to increase instead of decrease the 
Considering all 
factors, we should do everything possible 


probability of outage. 


in the planning of a system to use a mini- 
mum of equipment. 


Where to Concentrate Effort 

If we accept the above statements the 
natural question is, ““Where can we get 
the greatest return for a given amount 
of effort?” In considering this point, 
let us break the power system into its 
components: generation, transmission 
and distribution, being divided 28 per 
cent for generation, 14 per cent for 
transmission, and 58 per cent for dis- 
tribution. 

In general, a good job has been done 
Attention 
has been focused on the engineering and 
building of these because they represent 
large investments and these investments 
are made at one time. In the last 20 
vears the cost per kilowatt of building 


on the generating stations. 


a large station has decreased even in 
the face of providing more elaborate 
means of BTU’s by use 
of stage feeder water heating, higher 


retrieving 


temperatures and pressures, etc. Mean- 
while, the amount of coal has been cut 
from 3 pounds per kilowatthour in 1920 
to a low of 1.31 pounds in 1942. We 
can expect some further decrease in fuel 
cost but it will be slight considering the 
overall cost of a delivered kilowatthour. 
The possible further decreases in station 
cost are also small. 

Transmission systems also have been 
built up of relatively large incremental 
investments so that considerable effort 
has been concentrated on the engineer- 
ing and building of these lines. The net 
result is that little reduction can now be 
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Fig. 4—Typical Distribution Substation 


made in the transmission system. ‘he 
capacity of a few systems can be in- 
creased by addition of high-speed relay- 
ing and by revamping breakers for faster 
operation. Series capacitors can be used 
to neutralize the reactance of the sys- 
tem where the conductors are 
enough to carry the increased load. The 
total possibilities for savings in trans- 


large 


mission, however, are minor in com- 
parison to what has already been done. 

Approximately 58 per cent of the 
cost of an electric light and power sys- 
tem is in distribution. 
tribution systems have been built up of 
small increments, sometimes purchased 
by different branches of the organiza- 
tion and put together and operated. The 
tendency has been to emphasize perfec- 
tion of service. 

Some of today’s standards of distri- 
bution are predicated on apparatus as it 
performed 20 years ago. Consideration 
should be given to the modernization of 
our thinking on the system as a whole 
and particularly the distribution system, 
I be- 
lieve it is possible to minimize the equip- 
ment in the distribution system to lower 
costs when making changes or extensions 
and still retain the quality of service 
demanded. 


In general, dis- 


taking these factors into account. 


T 


In thinking of how to lower distribu- 


tion costs a number of schemes are avail- 
able. The central-distribution substation 
can be used or small distribution sub- 
stations can be distributed at many points 
on the system. In feeding industrial 
loads, loop feeders with elaborate tap 
point equipment can be used or radial 
feeders with multiple feed or a number 
of combinations with their varying de- 
gree of cost can be used. The selection 
will depend on the importance of the 
customer process and the size of load. 
Again in the residential and commercial 
areas consideration can be given to ra- 
dial systems, low voltage network sys- 
tems or primary network systems depend- 
ing on the load density and the type of 
service to be furnished. In other words, 
there are a large number of schemes 
which can be used in furnishing service 
to your customers, no one of which is 
the universal answer. 

A typical distribution 
which will be substation “A,” is pro- 


substation, 


vided with multiple high-tension buses 
and main and auxiliary breakers on the 
secondary bus and a transfer bus for 
cutting regulators in and out of service 
as shown in Figure 4. Also single-pole 
operated breakers have frequently been 
used so that one line is opened on a 
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lig. 5—Typical Distribution Substation 


single-phase fault. In other words, with 
a 2000-kva feeder only 666 kva would 
be lost for a single-phase fault. For the 
purpose of discussion, the equipment cost 
of this station will be taken as 100 per 
cent or $22 per kva of firm demand at 
the substation (which will be the basis 
of comparison of all kva costs). This 
station does all that a distribution sub- 
station should do but its cost is high. 
Some otf the features that lead to its 
high cost are: the use of single-pole 
switching on the 4-kv primary feeders 
and the individual voltage regulation on 
any phase. Most companies have found 
these refinements unnecessary. The use 
of 4-kv auxiliary and transfer buses and 
the many switches, to 
minimize the time of a service outage 
should a failure occur in a substation, 


disconnecting 


and to facilitate maintenance of equip- 
ment, is expensive. In the light of equip- 
ment available in the ’20s this might 
have been justified, but with modern 
equipment this station is more elaborate 
than necessary. 

The introduction of standard metal- 
clad switchgear with removable multiple 
operated, three-pole breakers and the use 


of triplex regulators result in consider- 
Substation “A” has been 
modified to permit the use of this mod- 


able saving. 
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Typical Distribytiqn Substation 
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Fig. 6—Typical Distribution Substation 


ern equipment which becomes substation 
Figure 5. This sub- 
station and the one of Figure 4 are 
identical in 


“B” shown in 


except for 
three-phase feeder operation instead of 


performance 


This results in 
a substation cost of 63 per cent or $14 
per kva. Installation cost, although low- 
er than that for the first substation, will 
be relatively high when building and 
Wiring costs are included. 

In addition to the use of modern 
standardized equipment, further cost re- 


single-phase operation. 


ductions may be made by changing the 
fundamental substation diagram. Sub- 
station “C”, Figure 6, illustrates this 
point and can be used in building new 
substations or rebuilding old ones. Ex- 
15-kv_ substation 
former breakers are used, the 


cept that no trans- 
15-kv 
switchgear layout is basically the same 
as that of substation “A”. It has been 
modified only in detail to utilize stand- 
ard metal-clad switchgear. Beyond this 
point, however, this substation is unlike 
substation “A”. It is designed on a 4-kv 
unit feeder basis. There is no 4-kv bus 
in this substation. With this type of 
distribution, employing relatively large 
circuits, facilities must be provided out- 
side the substation on the 4-kv feeders 
for switching the load of any feeder to 





two or more adjacent feeders so as to 
restore service quickly following a feed- 
er failure. Because these facilities must 
be available elsewhere in the system, 
even a 4-kv transfer bus has 
omitted from substation “C”’. 
switches are utilized when it is neces- 
sary to take a substation transformer 
out of service. Any circuit breaker can 
from its compartment 


been 
External 


be withdrawn 
and a spare breaker inserted. The out- 
standing advantages of substation “C”’ 
are simplicity, unit design with accom- 
panying flexibility for load change, de- 
crease in possible 4-kv short circuit cur- 
rent and the accompanying system vo!t- 
age disturbance, lower losses, and its 
lower cost. The equipment for this sub- 
station will cost approximately 54 
cent of that of substation “A” or 
per kva. 

The appearance of this 


per 
$12 


equipment 
when installed in a substation building 
is shown in Figure 7. The high-voltage, 
metal-clad switchgear with air circuit 
breakers extends across the front of the 
building. To it are bolted the feeder 
units, each consisting of an air-cooled 
transformer with automatic tap chang- 
ing under load and a 4-kv air circuit 
breaker. The use of air transformers 
permits installation of all equipment in- 
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| if Fig. 7—Isometric View of Equipment for Substation “C” 





doors. This makes possible the unit type 
of construction shown where all connec- 
tions between the different pieces of 
equipment are made with short sections 
This type of 
eliminates many _potheads, 
cables, and conduits required when oil- 
cooled transformers are used outside the 
substation building. This type of con- 
struction allows complete flexibility in 
the installation of equipment as the load 
grows or the moving of equipment 
should the load decrease. 

The location of all the substation 
equipment indoors naturally raises the 
question as to the size of the building 
required to house it. From Figure 8, 
showing the floor plan of a building to 
house substation 
“C” the considerable difference in ap- 
paratus costs and cost of installation is 
apparent. 

The transformers and voltage-regu- 
lating equipment of substation “C”’ can- 


of metal-enclosed bus. 
equipment 


substation “A” and 


not be as conveniently de-energized for 
maintenance as in the case of substation 
“A” without the dropping of load. This 
is because, as pointed out, load must be 
switched outside of the substation from 
one feeder to others. Where external 
feeder switching equipment is not avail- 
able, this substation can be modified to 
substation “D”, 
to include a transfer bus, thereby per- 


as shown in Figure 9, 


mitting all switching for maintenance of 
station equipment to be done in the sta- 
tion. Thus, to obtain the greater con- 
venience for maintenance provided in 
substation “D” 
tion “C”’, the station equipment cost has 
been increased approximately $2 per 
kva, with a slight increase in building 


as compared to substa- 


and installation costs. 
This discussion so far has been di- 


rected to indoor substations. However 
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Fig. 8-—Iloor Plan Comparison of Substations 


these substations can be constructed with 
outdoor equipment. 
stations “C” and “D”, the equipment 
arrangement and cost will be approxi- 


In the case of sub- 


mately the same whether installed in- 
doors or outdoors. Outdoors  oil- 
insulated transformers have been substi- 
tuted for the indoor air-cooled transfor- 
mers. The substation space will be in- 
creased about 25 per cent because of the 
increased size of the outdoor transfor- 
mers. 

Where new designs and the greater 
reliability of equipment and lines are 
taken into account, combining installa- 
tion and equipment costs result in a 
substation costing less than 50 per cent 
of that of the more elaborate substations 
designed and built on the basis of for- 
mer service records and experience with 
the older types of equipment. 

Why then can substations “‘C” or 


“TD” be considered when substation “A” 
was once deemed necessary. Reviewing 
the data given on reliability of appa- 


4-ks 


only about one-third the probability of 


ratus and lines, the cables have 


failure now that prevailed in the ’20s 


and transformers have been improved 


This 


change from single phase to three-phase 


even more. alone justifies a 


operation as the outages per 
caused by cables and transformers should 
| | The 


be about the Same or even less. 
1° 
complicated bus arrangement of yester- 


customer 


vear was provided so that feeders could 
be switched in case of failure of equip- 
ment in the substation itself. “The prob- 
ability of failure of equipment in the 
because 
Metal- 
clad switchgear with complete enclosure 
of all live parts, 


substation has been minimized 


of the complete factory testing. 


air-insulated transfor- 
mers with tap changing under load and 


~~ 
6-460 VOLT REGULATED FEEDERS 


lig. 9—Typical Distribution Substation 


air circuit breakers throughout allow 
placing ali the equipment together in 
The necessity of single- 


phase regulation in all cases is ques- 


one building. 


tionable. 

These same arguments hold for open 
lines as for cables. Overhead lines are 
now being built with self-clearing char- 
acteristics, but if faults still persist, the 
vast majority are cleared by de-energiz- 
ing the feeder and service is automati- 
cally restored in a few seconds. 


Industrial Power Supply 
Another opportunity for economy is 
in the equipment for distribution sys- 
tems serving small and medium-size in- 
dustrial customers. Many of these are 
high-voltage 
Figure 10. 


supplied from loops as 


shown in One practice is 
to supply each of a number of industrial 
substations with equipment as shown in 
“J”, which will be the basis 
for all schemes. This 
and all other substations in Figure 10 


substation 


of comparison 


are designed to serve an industrial cus- 
1000 
costing $22 per 


tomer having a load demand of 
kva. Substation “J” 


kva, provides excellent service to the 
A loop fault on either side 
of the substation does not cause any in- 
A failure of the 


interrupt 


customer. 


terruption to service. 


transformer will, of course, 
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Fig. 10—Industrial Power Supply 


the power supply until a good trans- 
former is connected in its place. Trans- 
formers are so reliable, however, that 
additional expense cannot normally be 
justified to prevent a service interrup- 
tion that will probably not occur once 
Sub- 
J” probably gives better service 


during the life of the substation. 
station ** 
continuity than can be economically jus- 
tified for many industrial customers. 
The probabilities are that a fault will 
occur about once every five years on one 
of these industrial loops. If so, substa- 


tion “KR” 


69 per cent of substation 


, costing about $15 per kva or 
oa, tame be 
used to provide adequate service to the 
great majority of industrial customers. 
If a fault occurs on the 13.8 kv loop to 
the right of “K”’, the cus- 
tomer’s power supply is interrupted but 


substation 


his service can be quickly restored by 
opening the circuit breaker in the sec- 
ondary leads of the transformer, closing 
the transformer primary switch to the 
left to connect the transformer to the 
good section of the 13.8-kv loop, and re- 
closing the air circuit breaker. Except 
in this one case of trouble, which prob- 
ably will cause interruption only once in 
15 to 20 years, substation “K’’ provides 
substantially the same quality of service 
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as does substation ‘‘J”’ 


and has an over- 
all saving of about 30 per cent. 


The few customers requiring best 
possible service continuity can be sup- 
plied most economically through sub- 


station “L”’. This substation gives some- 
what better service than substation “J” 
at an equipment cost of approximately 
92.5 per cent or about $20 per kva. By 
using substation “K”’ for 90 per cent of 
the industrial customers and substation 
“L” for 10 per cent of them, instead of 
using substation “J” throughout, an ag- 
gregate saving in industrial substation 
equipment cost of 29 per cent can be 
made. 

A further saving in investment can be 
made by using two radial feeders to 
supply a group of industrial customers, 
as shown on the right of Figure 10. 
Using this radial supply scheme, the 
length of cable required will be any- 
where from equal to about 50 per cent 
more than that required when using the 
loop supply, depending upon the geo- 
graphical location of the customer 
served. The possible reduction in size 
of cable and the fact that both radial 
feeders can be carried in one duct bank, 
will 


however, make the cable supply 


costs for either loop or radial feeder 


Fig. 11—Primary Network Distribution 


about equal. Therefore, the savings in 
substation costs when using the radial 
supply represents a net saving. Substa- 
tions “M,” “N,” and “O” 
tive to those discussed for the loop feed- 
ers. When using the radial feeder and 
substation ““N”’ 


are compara- 


for 90 per cent of the 
customers and substation “O”’ for 10 per 
cent of the customers, a saving of 62 
per cent in substation equipment cost is 
using the 
13.8-kv loop feeder and substation “J.” 
substations “K”’ 


made when compared with 


Even if and “L” are 


used, as recommended with the loop 
saving in substation equip- 
is +7 per cent if the radia! 
substations “N” and “O” 


The radial feeder and substa- 


feeder, the 
ment cost 
feeder and 
are used. 


tion “N” 


in this manner 


make it economical to supply 


many small industrials 


now supplied through the large distribu- 
tion substations along with the residen- 
tial and 
This will 


commercial customers, 


release distribution-substation 


small 





capacity for residential load growth. 


Primary-Network Distribution 
The predominant method of supply- 
ing power to residential and small com- 
mercial customers is over radial circuits 
large distribution sub- 


from relatively 
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stations, as shown in Figure 11. To se- 
cure the best economy with such a dis- 
tribution system the substation should 
be located near the load center of the 
area it serves. If this is not done, the 
lengths of the main 4-kv feeders become 
excessive. This increases both the in- 
vestment in these circuits and the system 
losses, which are reflected in increased 
operating cost. The substation must be 
located and built before the area it is to 
serve is well developed. Because dis- 
tribution-system loads are continually 
growing and shifting unpredictably, a 
substation can seldom be located where 
it should be, to economically serve its 
load five or ten years after it is built. 
Also, to move a large distribution sub- 
station and make the necessary circuit 
rearrangements to meet changing load 
conditions is expensive. 

The primary-network system is more 
flexible. In it a much larger number 
of relatively small substations are lo- 
cated at or near what would be the load 
centers of the 4-kv feeders in a system 
using large substations. These substa- 
tions are tied together on their 4-kv 
sides, as shown in Figure 11, to provide 
service at least comparable to that ren- 
dered by the radial system. The equip- 
ment cost of one of these substations 
using outdoor equipment is about $11 
per kva compared with $12 for large 
substation “C.” The fact that these 
small substations can usually be located 
outdoors with only a fence or a wall 
around them makes their cost advantage 
even greater, because the large substa- 
tion building cost must be added to that 
of its equipment. When using a primary- 
network system the cost of the 13.8-kv 
circuits will usually be greater than when 
using a radial system such as we have 
been discussing. In most cases, however, 
this will be more than offset by the sav- 
ing in the 4-kv circuit cost. The small 
primary-network substations can be in- 
stalled when needed and can be 


from one location to another 


moved 
as chang- 
ing load conditions dictate. Thus, svs- 
tem investments can be made to follow 
load requirements closely. Lower losses 
are also in favor of the primary net- 
work. The primary network should be 
seriously considered for serving residen- 
tial and small commercial customers 
whenever a system extension or major 
change becomes necessary. 


Secondary Network Distribution 


Secondary-network systems in areas 
of high load density are now accepted. 


Greater use of this type of system could 
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Fig. 12—Secondary Network Distribution 


be made to lower distribution costs. 
Small commercial loads with relatively 
high load density exist in many spots 
throughout city areas. These areas, now 
being fed through distribution substa- 
tions as shown in Figure 12, can be 
given better service in many cases at less 
cost from small secondary networks sup- 
plied directly over 13.8 kv circuits of 
the type shown in the figure. The sec- 
ondary network eliminates one voltage 
transformation and thus frees distribu- 
tion substation capacity for residential 
A network 
protector on each transformer bank re- 


and small commercial loads. 
sults in higher cost than a transformer 
in the straight radial system as illustrat- 
ed in Figure 12. The total equipment 
cost in the network system will be less 
than in the radial system, however, be- 
cause there is no distribution substation 
cost to be included for this scheme. For 
example, based on the cost of equipment 
shown in this figure and the costs for 
substation “C,” the equipment cost per 
kva of demand at a customer service will 
be about $8 for the network system and 
about $11 This 
shows a saving in equipment cost of 
about 20 per cent in favor of the sec- 
ondary network. The total saving will 


for the radial system. 


often be greater than this when the sub- 
station land and building costs and the 
circuit costs are included. 


Summary 

If as careful engineering is done in 
connection with distribution as has been 
done with generation and transmission 
schemes, the system arrangement can be 
simplified and still render the service 
demanded by the customers. Equipment 
and lines in reliability 
over the last 20 years to the point where 


have increased 
simplified substations and systems can 
be considered that would have been en- 
tirely impractical from a service point 
This will 
mean less equipment accompanied by a 
decrease in maintenance and other costs. 

This is just one chapter of the book 


of view two decades ago. 


on power system economies that the in- 
dustry will have to write for itself if 
it hopes to maintain its illustrious record 
of high quality service and low prices 
for its goods. These ideas are presented 
in the hope that they will promote in- 
creased study not only in the distribu- 


tion component of power system—where 
the most promising money saving pros- 
pects lie—but also in other parts of the 
power system as well. 








Aug 


faci 
cost 
me! 
sior 
pov 
mu 
tur 
sho 
inte 
tec] 
ratl 
bro 
Mr 
cific 
lem 
I 
in 
pov 
har 
sho 
tha 
vig 
are 
stal 
My 
ser) 
tlor 
OW! 
oft 
the 


\ 
mir 
lic 
rad 
do 
figl 
Ev 
our 
ert 
our 
anc 
alo 
our 
to 
do 
we 
in « 
rea 
wil 
per 
we 
red 








on 








August, 1944 


Discussion of Mr. Monteith’s 


EDISON ELECTRIC INSTITUTE BULLETIN 


By R. E. Moody 


Page 261 


Address 


Vice-President, Union Electric Company of Missouri 


R. MONTEITH has in his 
paper made another contribu- 
tion to the interest that manu- 
facturers have lately displayed in the 
cost of our utility systems and equip- 
ment—this time in the field of transmis- 
sion and rather than in 
power production. The stimulation of 


distribution 


mutual interest on the part of manufac- 
turer and operator is refreshing and 
should in my opinion be encouraged and 
intensified. I do not intend to discuss the 
technical aspects of the paper but wish 
rather to 


comment on some of the 


broader economic aspects outlined by 
Mr. Monteith and to emphasize spe- 
cifically their relationship to our prob- 
lems. 

It seems trite to mention that we are 
with the public 
power advocates but these days one can 
hardly avoid the fact and surely we 
should not. Is it too pessimistic to say 


in a bitter struggle 


that public power will continue to be 
vigorously pushed even if political trends 
are to the right and free enterprise is 
staunchly defended? I do not believe so. 
My suspicion is that many rather con- 
servative minds tend to make a distinc- 
tion between free enterprise and public 
ownership of utilities and also that it is 
often politically expedient to encourage 
the distinction. 


We are presently engaged in a deter- 
mined effort to tell our story to the pub- 
lic through printed advertising and the 
radio. It is absolutely necessary that we 
do this, but I am convinced we cannot 
fight all of our battles in The Saturday 
Evening Post. Our own territory is also 
our battleground and our physical prop- 
erty and operating results must be among 
our weapons. Our engineers, designers 
and operators need to join the fight 
along with our publicity men. Unfair as 
our competition is we must do our best 
to meet it because unless and until we 
do we steadily lose ground. This means 
we must make further major reductions 
in cost added to a job already well done. 

I say this in all seriousness for three 
reasons. First, our story to the public 
will be effective just to the degree our 
performance supports it and no more. If 
we can back up our sales people with 
reduced costs reflected in lower rates 


they, if properly trained, can go to town 
for us and do a real public relations job 
which will be something to talk about. 

Second, I have an uneasy feeling about 
results. A number of 
factors have collectively worked in our 
lately to soften the effect of 
greater taxes, increased costs of labor 
and materials, and lower personal efh- 
ciency. Some of these favorable factors 


our operating 


favor 


have been a steady decline in interest 
rates and as an incident to the war a 
great improvement in load factor and 
volume of sales, and perhaps an _at- 
tendant high level use of machinery and 
equipment that cannot be permanently 
sustained. I am afraid that if we look 
behind these favorable factors we will 
find a disturbing upward trend in other 
costs of operation. 

The leverage of future unfavorable 
shifts in these trends may well produce 
a magnified adverse effect on our oper- 
ating costs during the next few years 
with drastic results to our net. 


Third, I wonder if all of our oper- 
familiar 
with the kind of a job we really want 
them to do. If I were not convinced that 
top management has too often been care- 
less about discussing the business side of 


ators and engineers are fully 


the industry with engineers and operators 
and too frequently negligent about fram- 
ing specific policies I would gladly steer 
clear of this subject. Engineers and op- 
erators inherently strive to render a per- 
fect service measured in terms of volt- 
age regulation and energy continuously 
available at the point of use. What value 
our customers place on this component 
of quality of service relative to cost and 
other components of service is difficult 
to answer. It undoubtedly varies greatly 
with classes of customers—reliability be- 
ing of the greatest importance to indus- 
trial customers. The question is one, it 
seems to me, that management must ex- 
plore—perhaps_ by other 
means—and having reached an answer, 
must determine a policy for the engi- 
neers and operators. 


surveys and 


Personally I have two rather strong 
opinions on this subject. One is that for 
the large numerical groups of customers 
—that is residential and small commer- 
cial—the treatment accorded by our em- 


ployees who meet them in business trans- 
actions far outweighs an_ occasional 
flicker of lamps or an outage of short 
duration, and the other is that because 
we have not made full allowance for the 
improvements in equipment and appa- 
ratus as pointed out by Mr. Monteith 
we have reached a point where refine- 
ments to provide reliable service have 
often been installed in excess of their 
value to the customer. I have a further 
feeling, backed by some experience, that 
if we make an intelligent determined 
effort to further reduce our costs we 
will be surprised to tind that the quality 
of service will not noticeably depreciate. 
1 would like to add to this discussion 
just a few specific remarks on the reduc- 
tion of operating expenses by means of 
lowered investment. 
Fixed capital is purely a relative mat- 
ter and paradoxically the more we re- 
duce our investment and its fixed charges 
along with our other operating expenses 
the greater our total fixed capital is like- 
ly to become. This is simple enough be- 
cause if we can provide a service at lower 
cost the increased demand for the service 
will require us to enlarge our facilities. 
Keynesian economics which have be- 
come rather fashionable now hold on the 
other hand that we have reached a period 
of economic stagnation—that the oppor- 
tunities for use of new capital will not 
be sufficient to absorb the country’s sav- 
ings and that we must therefore spend 
ourselves into maintaining our existence. 


This hardly seems probable so long as 
human wants are greatly in excess of our 
present ability to satisfy them even in 
peace times. We know that the demand 
tor electricity can be stimulated in time 
to a point greatly 
output including the war load. 
costs, plus salesmanship will create this 


bevond our present 
Lower 


demand. Thus, if we reduce our operat- 
ing expenses, lower our investment 
costs, increase the volume of business 
with the same investment or add invest- 
ment to save operating labor or make 
other economies, we in reality kill two 
birds with one stone—we increase our 
business and create further investment 
opportunities about which some of our 
economists are so worried and at the 


(Continued on page 272) 
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Depreciation Accounting Innovations From the 
Viewpoint of the Investor 


Address before the Annual Meeting of the Edison Electric Institute, 


HE only justification for adding 

to the discussions of this whole 

subject of Depreciation, especially 
in the midst of a world crisis, is that the 
National Association of Railroad and 
Utility Commissioners, at their conven- 
tion in August, are considering the adop- 
tion of principles of depreciation ac- 
counting which are of the utmost 
importance to the Utility industry and 
to the investors who have provided the 
necessary funds to build the industry to 
its present high efficiency, and who in 
the future must continue to do so. 

Any discussion of Depreciation from 
the point of view of the investor must 
take into consideration the basis of all in- 
vestment: that is, Confidence. If there 
is a lack of confidence on the part of the 
investor, either in the industry or in the 
management of that industry, his dollars 
will be attracted elsewhere. Every dol- 
lar seeking investment has open to it 
hundreds of opportunities—or to put it 
another way—every industry and every 
management requiring capital is in com- 
petition with every other for the inves- 
tor’s dollar. When the investor decides 
to put funds into a regulated industry he 
must not only have confidence in the in- 
dustry and its management, but he must 
have confidence that he will receive fair 
treatment from the regulatory bodies, 
and that the rules will not be changed 
suddenly, and certainly not without just 
cause. The Utility industry is always in 
need of large sums of capital; in fact, it 
takes seven times as much capital per 
dollar of gross earnings as the average 
industrial concern. Accordingly, it must 
keep the investor’s confidence and _ it 
must have the cooperation of the regula- 
tory bodies so that the investor will 
maintain his confidence in them also. 


Certainly the investor has every rea- 
son to have confidence in the Utility 
industry -as a whole, and in its manage- 
ment, as the record over a great many 
years has been amazing. Its record dur- 
ing this war in supplying one of the 
prime raw materials for munitions has 
been outstanding. The industry has not 


By Philip L. Warren 


Investment Adviser, Boston, Mass. 


June 6, 1944 
only served the consumer and met his 
requirement at steadily lower 
costs, but has so improved its credit that 
it has been able to raise funds by senior 


every 


securities at relatively lower and lower 
rates. There has, however, been appar- 
ent a lack of confidence on the part of 
the investor; evidenced by the fact that 
during the past decade there has been 
practically no new capital attracted to 
the industry through the issue of Com- 
mon stocks. 


There are undoubtedly many compli- 
cated reasons for the relative preference 
for other industries over the Utility in- 
dustry in the mind of the investor. The 
fact remains, however, that good oper- 
ating company Common stocks are sell- 
ing at prices today that yield an annual 
return higher than that 
obtainable from equally good Industrial 
stocks. In the great deflation of prices 
which took place in the market from 
November, 1929, to July, 1932, the 
Utilities, as a whole, acted much better 
than the Industrials, and continued to 
do so until January, 1933, when the mar- 
ket for Industrial stocks began its slow 
but steady rise out of the depression. 
Utility stocks, from the first of January, 
1933, to early 1935, dropped seriously 
in price, and while there has been con- 
siderable improvement during the past 
year in the relation of Utility prices to 
the prices of Industrial stocks, the Utili- 
ties have never to a point 
where it has been possible to economi- 
cally finance new money through the 
issue of Common stocks. 


considerably 


recovered 


The serious decline in values during 
1933 and 1934 reflected a lack of con- 
fidence on the part of the investor, which 
was brought about in large part by the 
fear of Government competition, and 
also the growing tendency of regulatory 
bodies to substitute new theories of ac- 
counting and finance for the experience 
of the past. It was during this time that 
the regulatory bodies were adopting new 
ideas as to what constituted a fair rate 
base, and the whole theory of Original 
cost was developed. The investor on the 


New York, N. Y., 


street was undoubtedly shocked by the 
exposure of accounting methods used by 
some of the less reputable holding com- 
pany managements. Institutional buyers 
and larger investors, however, who had 
been conscious of this situation, were 
more concerned over the effect they 
could foresee in the general adoption of 
the theory of Original Cost. These in- 
vestors had never desired to take any 
advantage of the consumer through ar- 
bitrary write-ups in value. They knew 
too well that any such advantage could 
be only temporary and would react 
eventually on themselves. They were, 
however, considerably shaken when they 
bgan to realize that the values underly- 
ing their investments, which represented 
prudent investment by the managements, 
could be taken away from them if it 
could be proved that someone in the dim 
past, who first devoted this property to 
the public service, had made an honest 
profit in its sale to the present owner. 
The fear of the results of the adoption 
of such a theory undoubtedly had a de- 
pressing effect on Utility stocks, perhaps 
even greater than was justified. 


The Utility industry is now faced 
with a new theory—the theory of 
Straight Line Depreciation, and the pos- 
sible application of this theory retroac- 
tively. So far as the theory of Straight 
Line Depreciation can be properly ap- 
plied, no real exception need be taken to 
it. When, however, the theory includes 
in its application all depreciable prop- 
erty and requires that the resulting 
reserves be deducted from the Original 
Cost of this Plant in arriving at a fair 
rate base, then this 
impracticable. 

While the large institutional buyers 
of Utility securities are fully aware of 
this development and its probable impli- 
cations, they are not, by and large, buy- 
ers of Utility common stocks. The small 
investor, the man on the street, has only 
the foggiest idea concerning Deprecia- 


theory becomes 


tion, and many of his advisers are not 


much better informed. Accordingly, 


there is no indication as yet in the mar- 
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kets of any great fear of such a theory 
or its results. Those who have had ex- 
perience in the operation of properties, 
and those institutional buyers and invest- 
ment advisers, who realize what may be 
the result of the adoption of any such 
theory, are deeply concerned, and they 
may well be. 

None of these people expect or want 
to take any advantage of the consumer. 
Certainly management wants to render 
the best possible service at the lowest 
possible rate. This rate, however, must 
be sufficient to take care of all ordinary 
operating expenses (including taxes and 
current maintenance) reasonable charges 
for depreciation, and an over-all rate of 
return that will make it possible for the 
Utility to finance itself with a well bal- 
anced capital structure. 


Throughout the history of the Utility 
industry, with all the discussions of fair 
rate of return, replacement value, pru- 
dent investment, original cost and the 
endless rate cases that have been fought 
out along these lines, there has never 
been any question as to whether or not 
the Utility is entitled to include in the 
rate something, let us call it Deprecia- 
tion, which takes care of the loss of ser- 
vice value not restored by current main- 
tenance. The amount of this yearly 
charge and the size of the reserve built 
up to take care of this so-called Depre- 
ciation have been the subject of intense 
study for many years. There would 
have been no need of this had replace- 
ments actually necessary come along 
steadily, for then the amount of these 
requirements would have been apparent. 
The long life of some utility equipment 
has made it impossible to set up definite 
life expectancy tables, and recent studies 
of the Institute have indicated that over 
80 per cent of actual retirements during 
the past 30 years have been caused, not 
by slow and steady depreciation which 
might be figured on a life expectancy 
basis, but have been caused by inade- 
quacy or obsolescence. 

The studies of the Committee on De- 
preciation Principles of The Edison In- 
stitute are particularly valuable in view 
of the fact that they cover the actual 
replacements required by operating elec- 
tric light and power companies with an 
aggregate property value of some two 
and one-half billion dollars—over a long 
period of time aggregating about 561 
company years. These figures indicate 
that with annual credits to Depreciation 
Reserve averaging 2.25 per cent of To- 
tal Plant over the long period covered 
by the study, the reserve has been built 
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up to 20 per cent of Total Plant after 
providing throughout the period the 
funds for all retirements as the need for 
them developed. The figures further 
show that the reserves during the 33-year 
period have practically quadrupled in 
relation to the plant during a time when 
the cumulative rate of growth has been 
steadily This growth was 
7.75 per cent per annum, compounded 
for the last 30 years, while it was only 
5.04 per cent for the last 20 years, and 
.30 per cent during the last decade. 
Also the study shows that the per cent 
of current plant needed for retirements 
of property has not been increasing but 
rather decreasing during the past 20 
years, the average rate for the last 10 
years, ending 1943, having been 1.16 per 
cent as against 1.37 per cent for the 
decade ending 1933. The only conclu- 
sion that can be drawn from these real- 
istic figures, based on actual experience, 
is that the charges for depreciation made 
by the companies studied have not only 
been adequate but may be greater than 
will have been proved to be necessary 
during the next decade. 

Mr. Samuel Ferguson, of Hartford, 
has done some very constructive work 
on this whole theory of Depreciation and 
has developed an approach to a solution 
which appears to be most realistic. You 
are all undoubtedly familiar with his 
concept of the size of Depreciation Re- 
He makes one point, 
however, which cannot be over-empha- 
sized in any discussion of the subject; 
that is that this Depreciation Reserve 
does not measure the exact amount of 
loss of service value to date but is really 
an insurance fund to take care of future 
replacements as they may become neces- 
sary. Accordingly, the size of the reserve 
must vary with each individual prop- 
erty and must, by its character, be based 
on experience and good business judg- 
ment. It is essentially an engineering 
and operating problem rather than a 
mere accounting problem. 


dropping. 


bow 


serve necessary. 


Mr. Ferguson’s concept that the De- 
preciation Reserve is essentially an in- 
surance fund brings out, perhaps, the 
most important consideration from the 
If it could be 
Reserve is exactly 


investor’s point of view. 
assumed that this 
adequate, no more and no less, certainly 
no one could argue that the amount of 
this Reserve should be deducted from 
the Plant account in figuring a rate base 
upon which a_ fair could be 
earned, No industry should be penalized 
for carrying adequate insurance. 

Unfortunately, this concept of the 


return 
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Depreciation Reserve does not appeal to 
many in high places in our regulatory 
bodies. The feeling is growing that a 
utility is not entitled to earn a fair return 
on its Plant but that the Depreciation 
Reserve should first be deducted, and 
Net Plant used as a rate base. It is 
easily demonstrated that in a_ utility 
which is static in growth, straight line 
depreciation under this theory will, over 
a period of years, result in a 50 per cent 
Depreciation Reserve. It is here that the 
investor asks a simple question—Why 
should he put $100 into Utility plant, be 
restricted to a 6 per cent return on that 
investment and then find a few years 
later that he is allowed to earn 6 per 
cent on only $50 of Plant? It is per- 
fectly obvious that he has lost one-half 
the earning power of his investment, and 
one-half of his actual investment, unless 
by some means he has had this half re- 
turned to him in the way of a dividend 
in liquidation. Due to the character of 
the business this is impossible, and ac- 
cordingly the net result will be, under 
this method of operation, that the con- 
sumer will acquire that half of the 
property lost to the investor. 


This has been pointed out very clearly 
in a recent memorandum on Deprecia- 
tion, by applying this formula to a 
simple class of property subject to a 
single rate. Let us assume an original 
cost of $15,000 in street lighting equip- 
ment, with a life of 25 years under com- 
mission life tables, and a depreciation 
rate under the straight line method of 4 
per cent per annum. The first year the 
property is put into service the Rate 
Base under Federal Power Commission 


Rules would be— 


Cher | i oa re .... $15,000 
Contributions .......... ced mas 0 
Materials and Supplies............ 50 
Working Capital ae a a 90 

Mate BAR! we. .0:0 <i . .$15,140 


Income at 69—$908.40 per annum. 

At the end of 12% years, the Depre- 
ciation Reserve would have grown to 
$7,500 and the Rate Base would then 
be— 


Original Cost - $15,000 
Contributions ...... . 2.0506 eae 0 


Materials and Supplies........ 50 





WOTRING NCODMAT 06.500: ese cae 90 
$15,140 

Less—Depreciation 7,500 
Rate Base 7,640 


with income at 6 per cent of $458.40, or 
about 3 per cent on the original invest- 
ment. 

Let us see what would be the effect 


of such a policy on a typical Utility 
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company with an_ estimated 
property life of 40 years, and with a 
capital structure consisting of 50 per 
cent bonds, 25 per cent preferred stock 
and 25 per cent common stock. Let us 
assume an original Rate Base of $10,- 
000,600, financed through $5,000,000 
of bonds, $2,500,000 of preferred, and 
$2,500,000 of common stock. At the end 
of 10 years, the entire equity of the com- 
mon stockholder would have been wiped 
out, and in another 10 years the entire 
equity of the preferred stockholder 
would have disappeared, leaving the 
bondholder, with just enough Rate Base 
to cover the face value of his bonds. 
Certainly no investor would risk his 
funds in any of these securities on such 
a theory. 

The intelligent 


average 


investor wants to 
know that his investment in plant is 


being maintained and also that the con- 
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sumer is paying something in his rate 
which will set up a sufficient reserve so 
that the investor’s capital will not be im- 
paired. If he can then be reasonably 
confident of a fair return on his invest- 
ment his money will be attracted to the 
industry. The first tangible recognition 
of the fact that the open market for se- 
curities is the best criterion of the ade- 
quacy of the return is to be found in the 
plan for adjusting rates agreed upon 
recently by the New Jersey Power & 
Light Company and the New Jersey 
Board of Public Utility Commissioners. 
This is a frank attempt to arrive at a 
rate which will attract Common stock 
money and thus maintain a proper capi- 
tal structure. The rate base originally 
agreed upon is to be adjusted annually 
by adding the cost of additions and bet- 
terments and subtracting the cost of 
actual retirements with certain adjust- 


Utilities’ Rivalry Waged in 


§ es public power group in the Pa- 
cific northwest has no intention of 
easing up in its drive for extended pub- 
lic ownership of electric utilities, despite 
the fact that this campaign has been 
stymied to a considerable degree since 
the war started. 

A striking illustration of the feeling 
that exists between the public and the 
privately owned utilities in the Pacific 
northwest region with respect to the 
ownership and operation of electric pow- 
er facilities is provided in the annual 
report of the municipally owned Depart- 
ment of Lighting of the City of Seattle, 
Wash., released yesterday. 

In this report, signed by E. R. Hoff- 
man, superintendent of the project, the 
Seattle city plant declares that “competi- 
tive waste” still continues in Seattle’s 
electrical utility operations due to the 
duplicating system of the private power 
company, the Puget Sound Power and 
Light Company. The report then adds 
that the city council has adopted unani- 
mously a resolution calling upon the city 
to expand its municipal plant so as to 
take over the entire electric business of 
the city when Puget Sound Power’s 
franchise expires in 1952. 


Competition for Customers 


Puget Sound Power and the city mu- 
nicipal plant have been at loggerheads 
for years in a competitive scramble for 
residential and commercial customers 
within the city limits. The private com- 
pany now handles about 40 per cent of 
the gross electric business in the city, 


By Thomas P. Swift 


ork Times, July 9, 1944. Copyright, New York 


with the remainder going to the munici- 
pal plant. Rates charged by both systems 
are far below the national average, while 
usage is well above the national average 
level. Puget Sound Power in addition 
serves a large territory outside Seattle. 

In 1943 the Seattle lighting plant did 
a gross revenue business of $9,144,582, 
according to the report, compared with 
$8,312,884 in 
transferred to surplus for the vear 
amounted to $851,981, against $711,816 
the year before. The plant’s total assets 
were listed on the balance sheet at $86,- 
633,024. 

With respect to taxes paid by the 
Seattle plant, virtually all go to the 
State and city coffers, the State receiv- 
ing $263,256 and the city $195,808. 
Taxes paid to the Federal Government 
are found under the heading ‘Federal 
Transportation Tax” and the amount 
involved is $44.38. As in the case of all 
utilities utilizing water power, the plant 
paid last year a Federal license fee of 
$18,689, 


1942. Its net income 


Difference In Taxes 

[t is at this point that the privately 
owned and business-managed utilities 
clash sharply with publicly owned 
plants. Private utilities are taxed heav- 
ily by the Federal Government, much 
in the same manner as all other private 
enterprises, but public and municipal 
power projects escape the burden of Fed- 
eral taxation. Puget Sound Power, 
with consolidated assets of $130,662,- 
960, is paying Federal taxes, in addition 
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ments for depreciation which recognize 
the factor of observed depreciation. This 
is a step in the right direction but the 
entire benefits which may be derived 
from this plan would be completely lost 
if the theory of Straight Line Deprecia- 
tion and the deduction of the Retire- 
ment Reserve had been fully applied, 
without compromise, in figuring the rate 
base. 

More cooperation between the Com- 
missions and managements, of the kind 
that led to a solution of this recent New 
Jersey rate case, would assure the inves- 
tor that 
theories of accounting, such as we have 


untenable and_ confiscatory 
been discussing, would not be adopted. 
Management and the regulatory bodies 
are jointly responsible for the mainte- 
nance of the credit of the industry for 
the benefit of both the consumer and the 
investor. 


Seattle 


Ti mes 


to State and city le\ ies, at the rate of 


more than $2,200,000 annually. This 
is in sharp contrast to the $86,633,000 
Seattle municipal plant’s directly trace- 
able Federal tax bill of $44.38 Puget 
Sound’s total tax bill for 1943, accord- 
ing to its annual report, was $3,834,330. 

Apparently preparing for a show- 
down fight with the public power group 
over the issue of ownership and opera- 
tion of Pacific Northwest power systems, 
Frank McLaughlin, president of Puget 
Sound Power and Light, recently issued 
the following statement: 

“With the mounting tax burdens, 
there appears to be a growing feeling 
that public power should be taxed in the 
same way and to the same extent as Is 
private power. The reason for this is 
that every time Government enters into 
competition with private enterprise, it 
kills off a real source of public revenue, 
the effect of which is to add to the taxes 
of those who are not tax exempt. It 1s 
realized that in one way or another, 
through added costs for the goods and 
services they buy and levies on their in- 
come, property and savings, it is the 
people who pay the taxes and they natu- 
rally want the burden spread around as 
much as possible. * * * 

“Failure of Government to put itself 
on an equal footing with private enter- 
prise in its proprietary activities under- 
mines democracy, does not fundamen- 
tally enhance the public welfare and is 
not only unjust but harmful to those 
who have put their savings in private 
enterprise.” 
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Where Do We Go from Here 
in Accident Prevention? 


By H. O. Sprinkle 


Chairman, Accident Prevention Committee, EE]; Monongahela West Penn 


Public Service Company 


Address before the Annual Meeting of the Edison Electric Institute, New York, June 6, 1944 


PPROXIMATELY the same 
things are killing and hurting 
our people now as were doing 

it 10 or 
doing it in about the same proportions. 
Indeed, the most discourdging thing 
about the whole business is the great 


15 years ago—and they are 


dificulty we are having in producing 
any substantial changes in either the 
types or numbers of accidents in our 
industry. 

Let me show you what I mean. Fig. 
| shows a 20-year record up to 1942 
of three accident rates for the industry. 
The method of keeping statistics was 
changed about two years ago, and we 
can’t give the 1943 record in exact fig- 
ures, but it would show a slight de- 
crease in number of fatalities and a 
slight increase in the other two curves. 
Please note that these are ratio scales 
which show percentage changes. 

From a very bad experience in the 
early twenties a remarkable improvement 
was made covering a period of about 
10 years. Along in 1934+ we came to 
the end of improvement and our efforts 
during the past 10 years have been just 
sufficient to hold our own. This doesn’t 
speak well for our industry which we 
all believe contains a better-than-average 
group of intelligent and responsible em- 
ployees, nor does it speak well for the 
work of those in it who are interested 
in accident prevention. Have we reached 
the ultimate? Can we do no more than 
hold our own in the fight to reduce 
accidents? Must we keep on killing over 
100 men a year out of a total employ- 
ment of about 250,000 people? Must 
the industry take a loss of between + 
and 5 millions of dollars a year as the 
unavoidable cost of careless work and 
careless supervision ? 

I am not alone in asking these ques- 
tions. I am here as a representative of 
the Accident Prevention Committee of 
this organization. You might well ask 
us. ““What have you done about it? 
This is the work for which you were 
appointed. Your committee is made up 
of men who are experts in safety work, 
and you have been given the responsi- 
bility for this job.” You might very 


well ask us this, and we have asked our- 
selves these questions. We set out about 
two years ago to try to find the answers. 
We instituted three specific lines of 
inquiry: 

1. What types of accidents are occurring 
in our industry and in what proportion? 
Have these changed materially in the last 
few years so as to require a change in 
attack? 

2. What is the status of our total effort at 


the present time and what is holding us back 
from further progress? 


ACCIOENT STATISTICS 


3. Where do we go from here in accident 
prevention in our industry? 

We felt that if we could develop the 
answers to these questions we would 
at least have plans for a real attack on 
accidents. Then if we failed to make 
progress it could only be blamed on our 
failure to sell those plans or make them 
effective. 

As an answer to question number one, 
I have two charts which tell part of the 


ACCIDENT PREVENTION COMMITTEE 


EDISON ELECTRIC {INSTITUTE 


200 


0° 
30 
60 
7O 


eo 


50 
| 

40 
DAYS LOST (ACTUAL) 

PER ©O EmPLOYO@S PER YBAR 


30 


~ ® WO 


oa 6 


Tim A i NT 
PAR 100 BMPLOVBS PER Yan 


2.0 


eon 


> 


FATALITIES 


R 1000 EMPLOYEES P&A YRAR 


| 
4 
2 














1923 24 25 26 27 26 29 30 3: 32 $3 34 35 36 37 38 99 40 Al 42 43 44 45 46 
YEARS 


Fig. 1 



























































Page 266 EDISON ELECTRIC INSTITUTE BULLETIN August, 1944 
Va TYPES OF FATAL ACCIDENTS FATAL ELECTRIC SHOCK OR BURN ACCIDENTS 
30) OCCURRING WITHIN OCCURRING WITHIN 
THE ELECTRIC LIGHT AND POWER INDUSTRY THE ELECTRIC LIGHT AND POWER INDUSTRY 
-_ DURING 194! AND 1942 DURING 1941 AND 1942 
si 8!) 12I-FATAL ACCIDENTS CLASSIFIED FOR EACH YEAR BY TYPES OF WORK AND LOCATIONS 
COVERAGE APPROXIMATE COVERAGE 
al 1941-90% oF REPORTED FATAL ACCIDENTS I941- 90% 
1942-94% oF REPORTED FATAL ACCIDENTS 1I942-94% 
2 60 
a 
S a} 482 
: ily 
ss 507 o 
= 
u oa 40 
o 
5 <0 2 
J 
2 304 w 
o — 
24 
ec 
a 
Ww 20 
204 = es 
= 2 7 
% 14 
104 
lH afl flo Oa tes 
4 4 j 941 1942 941 1942 | 1941 1942 | 1941 1942 | 941 1942 
© 94 342 941 942 94 47 v1 342 94 3 NT 
athens pce Pro on Tae “| | 
esto C eat MOTOR = ne peo BUILDINGS | AT STATIONS — 
—— z a Sr Be Be 
Fig. 2 Fig. 3 


story better than words. The first, Fig. 
2, shows the types of fatal accidents 
which occurred in 1941 and 1942. Elec- 
tric shock or burn fatalities amount to 
approximately 70 per cent of the total. 
A check of the last 20 years’ records 
show about this same proportion. We 
just haven’t made any progress industry- 
wide, in reducing the hazard presented 
by our product—electricity. There was 
a small decrease in shock or burn fatali- 
ties in 1942 over 1941, but the deaths 
due to falls increased. Analysis of our 
more serious lost time 
that falls are much more numerous as a 
cause than any other type. This chart 


accidents show 


shows that when we do have an electric 
is much more severe 
than ordinary accidents. 

The second chart, Fig. 3, shows the 


contact or burn it 


location of general classes of fatal acci- 
dents in the industry. Note that pole 
work is far and away the most hazard- 
This has been the 
same ever since the industry 
Furthermore, our study of past records 


ous work we have. 
started. 


indicates that the percentages of various 
types of accidents haven’t changed much 
in the last 10 or 15 years. 

These two charts show that if we are 


to improve our accident record to any 
substantial must learn how 


to avoid electric contacts, and we must 


degree we 


develop safer work methods on poles. 
Sounds simple, doesn’t it? And yet we 
haven’t made any progress to speak of 
in the last 10 years, at least on an in- 
dustry-wide basis. 

Our studies of accidents indicate that 
we know which kinds most 
prevalent, which kinds are most serious, 
and we know where they are occurring. 


now are 


We know a great deal about the causes 
Mr. D. C. Stewart’s 
analyses of fatal and lost time accidents 
has been published in the EEI BuL.e- 
TIN within the past year, and gives this 


of these accidents. 


data in condensed and interesting form. 
In other words, we know what is hap- 


pening, and it hasn’t changed to any 
degree for the past 15 years. 
Now we will give you the results 


of our second inquiry, namely: ‘“‘What 
is our Present Status, and what is hold- 
ing us back?” If our committee can be 
acci- 
dent prevention work, then here is what 


said to represent the industry in 


might be called a summary of our find- 
This summary will differ a little 
from the one previously given to the 


ings. 


Operating Committee, because further 
thinking has produced slightly different 
emphasis. 

1. An increasingly smaller gain in 
safety will be derived from improved 
plant and structure design, and from 
improvements in tools and equipment. 

When we say an increasingly smaller 
gain in safety will be derived from im- 
provements in plant structures, tools and 
equipment we don’t want you to get the 
idea that we consider that no improve- 
ments are possible. There is still room 
for a lot of constructive work along 
these lines, but our study of the acci- 
dents of the 
quite strongly our major accidents are not 


last few years indicates 
caused by the failure of tools or equip- 
ment or by hazardous design. Our bad 
record is built up of neglect and care- 
lessness in doing the average run-of-mine 
job where the habits of safe workman- 
ship have not been sufficiently inculcated. 

2. The future major gains in accident 
prevention will come from increased em- 
phasis on job training, personnel selec- 
tion, and putting responsibility for each 
accident where it belongs. 

Here we 


are stressing the impor- 


tance of job training, personnel selection 
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and placing responsibility for each acci- 
dent where it belongs. You will note 
that these items deal almost exclusively 
with the personnel element. The same 
accident studies which justified the pre- 
vious conclusion have indicated quite 
strongly that the element of personal 
attention to the work in hand and the 
development of safe working methods 
are vitally important in reducing acci- 
dents. Training must be given on every 
job done, and the motto of every super- 
visor should be “Never let a poor job 
get by.” 

In this same item we mention the fix- 
ing of responsibilities. It is a tough job 
to fix responsibility for an accident, but 
it is a lot tougher job to develop an atti- 
tude on the part of the entire organi- 
zation from the top down to accept such 
responsibility when it is fixed and to do 
something about it. We can’t empha- 
size too strongly the importance of fix- 
ing responsibility for each accident, par- 
ticularly the more serious ones. 

3. Safety rules exist in practically all 
companies, but they are not properly en- 
forced. 

In practically every case we find that 
the company had safety rules and in- 
structions which would have prevented 
the accident had they been followed, but 
the supervisors had not insisted that 
these instructions or rules be carried out. 
This seems a simple thing to correct, but 
we must remember that in many in- 
stances the reason for not rigidly enforc- 
ing safety rules is because there had not 
been sufficient thought given to the selec- 
tion of the safety rules. In other words, 
don’t make a specific rule unless you 
intend to enforce it. After making it, 
however, be sure it is enforced. 

4. Top management is not sufficiently 
effective in expressing its interest in acci- 
dent prevention. 

Here we stress the responsibility of 
Management in accident prevention 
work. Note the phrasing—‘top manage- 
ment is not sufficiently effective in ex- 
pressing its interest in accident preven- 
tion.” We fully recognize that all 
management is interested, but this inter- 
est must be made more effective. The 
power of management is that the organi- 
zation will produce the results insisted 
upon to a greater or lesser degree. There 
is no substitute for an aggressive and 
continuing interest on the part of the top 
management of any organization. I will 
come back to this part a little later, as 
the principal purpose of my being here 
is to suggest to top management what it 
can do to help in preventing accidents. 
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Now let’s go back to the third of our 
original committee inquiries, which was, 
“Where do we go from here?” 

Perhaps we have worded this a little 
too pointedly because we can’t tell where 
we are going, nor how far. We can 
advise in what direction we should go 
and what our probable final destination 
might be if pursued vigorously enough. 

In the first place we know positively 
and definitely that we have not reached 
the ultimate low in our accident rates. 
We know this because there are too 
many companies which have gone right 
along improving their accident experience 
until there are now quite a number 
with rates that are more than two-thirds 
better than the industry average. ‘These 
are not exceptional companies, they in- 
clude both big and little companies. 
They include congested metropolitan 
areas and scattered areas. They do not 
have any different sort of employees 
from the rest of the industry. Must we 
admit that they have better manage- 
ments, better supervisors, better safety 
departments? I don’t know just how 
to define the word “better,” but I must 
say these progressive companies are able 
to make their efforts more effective. Why 
can’t the entire industry make substan- 
tial gains like these fortunate organiza- 
tions? Certainly they would not lose in 
efficiency by preventing accidents. 

There can be only one answer and 
that is: These progressive companies 
want to do the job enough to really 
work at it, while the rest of the indus- 
try merely want to do it. Would you 
agree with that statement? Maybe the 
less progressive companies don’t think it 
is important enough to put a little extra 
effort into the job. It seems to us that 
the killing of 100 men per year, the 
permanently injuring of 160 others, and 
the loss of between + millions and 5 mil- 
lions of dollars should be important 
enough to warrant a little more effort. 
The sad part is that it only takes a lit- 
tle effort. Most companies are in the 
position now of having their safety work 
to the point where just a little more 
emphasis, just a little more coordinated 
attack on the problem, just a little more 
attention would put the job over. It 
isn’t as though we had to make an 
about-face and start out on some brand 
new course. The course is charted. We 
know what is causing our accidents and 
the successful companies have shown 
how to avoid them. Why don’t more of 
us do it? Yow will have to answer that 
one, because some of these are your com- 
panies. Why don’t you check your own 
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outfit and see how you stand, if you 
aren't satisfied, get your head men to- 
gether and find out why. 

Gentlemen, we in the Accident Pre- 
vention Committee aren’t trying to pass 
the buck to management, but we do 
need help. Our study has shown that 
in every case where the management has 
insisted upon results, those results were 
obtained. That is the power of man- 
agement for which there is no substitute. 
Nothing can take the place of it. The 
subordinate organization will always ac- 
complish to a greater or lesser degree the 
expressed purposes as set forth by man- 
agement, but that expression must be 
continuous. Do you recall that I pre- 
viously stressed the continuity of effort? 
You are all very busy men with a mul- 
titude of demands upon your time. It is 
up to you to budget your time for those 
items which you think require your per- 
sonal attention. We feel absolutely sure 
that all of you are in favor of improving 
yours and the industry’s accident experi- 
ence. We wonder if you realize how 
little of your time it would take to really 
make your interest effective. 

I hope you won’t get the idea that we 
are saying future progress in this work 
depends solely on your efforts. You will 
recall, however, in the + point summary 
I gave you a few minutes ago, the second 
item stated that future gains in accident 
prevention will come from increased em- 
phasis on job training, personnel selec- 
tion and placing responsibility for each 
accident where it belongs. It is obvious 
that these items involve company poli- 
cies, departmental authority and respon- 
sibilities, and many other allied factors 
where the safety director cannot func- 
tion independently. The safety director 
can advise what should be done, but only 
management has the authority to make 
that advice effective. In all the compa- 
nies where real progress has been made 
it has been the result of intelligent plan- 
ning plus the energetic and continuous 
For in- 
stance, suppose the fixing of responsi- 
bility for an accident involved the failure 


support given by management. 


of a department head to enforce some 
safety rule, or that he permitted an obvi- 
ously incompetent supervisor to direct 
It takes 
real cooperation between the safety di- 


the work of a group of men. 


rector and the management of that com- 
pany to put over the lesson that can be 
learned so that a/] department heads will 
learn where they fit into the picture. 
The safety director cannot do it alone, 
regardless of how good a man he is, and 


(Continued on page 272) 
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Coming—944 SUPPLEMENTS TO THE 
POWER SALES MANUAL 


Prepared by the INDUSTRIAL POWER AND HEATING COMMITTEE, EDISON ELECTRIC INSTITUTE 


To Help You Sell Utility Electric Sewice in the Industrial Market 


SECTION Xll—Production Method Analysis 


for the Power Salesman. 


SECTION Xill—Induction Heating of Con- 


SL, : NEW TIMELY ducting and non-Conducting Materials. 


AND SECTION XIV—Electric Welding. 





IMPORTANT SECTIONS 


OF THE These New Sections of the Manual are trimmed and 
punched to fit the binder accompanying the first 
Pp O W a R S A L a S series of sections published in 1941. (A few sets of 


the 1941 sections are still available.) 


MANUAL 


The three Sections of the 1944 Supplement listed 


above are priced at 


25 the set to member companies 





and 


$2.00 to non-members 


Reserve Your Set Today—Sections Now Being Printed 


EDISON ELECTRIC INSTITUTE 
420 LEXINGTON AVENUE + NEW YORK 17,N.Y. 











Taxes of Publicly-Owned Plants 
Are Only 3% of Revenues 


yi HE Federal Power Commission various reclamation, irrigation and “pub- 
has recently published a pamphlet, _ lic utility districts,” as well as municipal 
giving the statistics of 96 Class A and plants. Of these utilities, 94 reported in- 
B publicly owned electric utilties for the come statements which, when added to- 
year 1942. These include the TVA; gether, give the following totals: 


Gross Reserves Total Taxes* Yo Revenues 


88 Publicly Owned Utilities................ $117,428,351 $2,051,330 1.75 

TVA & 5 Tennessee Cities.. paetaaiubenete 43,962,355 3,112,424 7.08 

Total Class A & B Reporting............. $161,390,706 $5,163,754 3.2% 

Taxes or “tax equivalents paid to municipa 
; , - : 

Of the 94 reporting public power sys- In comparison, total taxes paid by 
tems, 42 reported no taxes or “tax equiv- privately owned electric utilities were 
alents” whatever and 7 more reported $628,000,000, or 24.1% of gross reve- 
taxes of less than $1,000. nues of $2,609,000,000. 
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Grounding of Electric 
Circuits on Water Pipes 


, ARLY this year the American Re- 
search Committee on Grounding 
issued an Interim Report of Investiga- 
tions, a summary of which appeared in 
the March issue of the BULLETIN. In 
the complete report, under the heading 
of “Laboratory Investigations” it was 
mentioned that laboratory tests on sec- 
tions of pipe carrying water were being 
conducted by the American Water 
Works Association and New York Uni- 
versity in an attempt to determine 
whether current on the pipe affected the 
metal concentrations in the water deliv- 
ered from the pipes. 

Following the completion of this in- 
vestigation a report appeared in the 
May, 1944, issue of the Journal of the 
American Water Works Association, 
indicating that under the conditions 
tested neither alternating current nor 
direct current flowing on the pipes had 
any appreciable effect on the quality of 
the water in the pipes. This report, to- 
gether with the Interim Report and a 
statement of the American Water 
Works Association policy was reprinted 
under the title of “Grounding of Elec- 
tric Circuits on Water Pipes,” and is 
available at a price of 25¢ per copy from 
the American Water Works Association, 
500 Fifth Avenue, New York 18, N. Y. 


Of Interest to Canadian 
Utilities 
‘Ppmupuehiony is now being 

given to a general revision of the 
Canadian Electrical Code, Part I, pre- 
paratory to the publishing of a Fifth 
Edition. Sub-committees have been or- 
ganized to review the various Sections 
of the Code and are now actively en- 
gaged in the work of revision. 

Any and all proposals for revision will 
be welcome and should be submitted 
without delay to the Canadian Standards 
Association, Research Bldg., Ottawa, 
in order that fullest consideration may 
be given. All such proposals should, if 
possible, be in the form of the actual 
text desired for incorporation as new or 
revised Rules in the Fifth Edition of the 
Code. 

The closing date for receipt of pro- 
posals for revision is October 1, 1944. 
Requests for revision, received after 
that date, may be held for consideration 
in the next subsequent general revision. 
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Annual Meeting, Canadian Electrical Association 


HE 54th Annual Meeting of the 

Canadian Electrical Association was 
held at Murray Bay, Quebec, on June 
22 and 23, at which over 350 delegates 
were in attendance. 

President Alan Brown, in his address 
referred to the last meeting held at Mur- 
ray Bay in 1936 and outlined the tre- 
mendous advances made by the industry 
in the intervening period. “In 1936,” he 
stated “Canadian utilities, privately and 
publicly owned had an installed capac- 
ity of 7,945,590 hp and generated 23,- 
829,067,000 kwhr of electrical energy. 
In 1939 they had an installed capacity 
of 8,289,212 hp and generated 26,429,- 
940,000 kwhr of electrical power, and 
in 1943 the total installed capacity 
reached 10,940,513 hp which generated 
a total of 40,377,649,000 kwhr of elec- 
trical energy. 

“From 1936 to 1939 the installed ca- 
pacity increased by 4.4 per cent and en- 
ergv produced by 11 per cent. 

“In four years of war the installed 
capacity increased by 24.8 per cent and 
the energy produced by 52% per cent, 
and during these war years there has 
never been a shortage of power for the 
production of war matrials, nor has 
there been any work stoppage by em- 
ployees of the electrical utility industry.” 

Mr. Brown referred to the appoint- 
ment of a Commission in the Province 
of Quebec which took over the property 
of Montreal Light, Heat & Power Con- 
solidated on April 15 last, for which no 
payments or offer of payments has been 
made to the company or the sharehold- 
ers as yet and some time may elapse be- 
fore the expropriation is concluded. 


Reference was made to taxation of 
privately-operated utilities and in this 
respect Mr. Brown stated “the money 
received by private corporations is being 
turned over to the Federal Government 
(through income and_ excess profits 
taxes) to fight this war, while that re- 
ceived by publicly-owned corporations is 
being set aside in the form of. reserves 
to such an extent that their operation 
cannot help but appear in a favourable 
light . . . unless some relief is forthcom- 
ing in the near future, private enter- 
prise will not be in a financial position 
to make its proper contribution to relieve 
post-war unemployment. . the taxes 
paid by Canadian industry have in- 
creased by 287 per cent from 1939 to 
1943 and in spite of the increased pro- 
duction and sales, profits were down 12 
per cent during the same period.” 


He foresaw a bright future for the 
electrical 


manufacturer of appliances 


and equipment but stressed the need for 
a reasonable part of the export market. 
The utility industry in Eastern Canada 
will likely have a surplus of power im- 
mediately following the war, particu- 
larly in the Province of Quebec. New 
industries and new uses for electricity 
will have to be found to absorb this sur- 
plus and he called for post-war planning 
now to develop new markets and attract 
new industries, so long as such planning 
does not take from the war effort. 

Referring to rural electrification, Mr. 
Brown felt that a utility company has 
a certain obligation to serve the area in 
which it operates and should be pre- 
pared to extend its lines and services so 
long as it is able to maintain a sound 
financial position. 

He called for better public relations 
and a clarification of utility financial 
statements to acquaint the public with 
the fact that utility earnings are but a 
few cents on each dollar of investment. 

B. C. Fairchild, managing director of 
the Association, reviewed the activities 
of the various Association Committees 
during the past year and referred to the 
Annual Winter Conference held in 
Montreal in January and the Western 
Conference held in Calgary in March. 

The post-war planning activities of 
the Association, under the chairmanship 
of W. C. Mainwaring, B. C. Electric 
Railway Co., have been merged with 
those of several other organizations un- 
der an overail body known as the “Na- 
tional Industrial Federation,” which will 
continue and expand the development of 
post-war plans to include all industries, 
based on the plans of the Committee for 
Economic Development (CED). 

Progress is reported in an Employee 
Training Program for the rehabilitation 
of returned men and training of new 
employees which is being planned with 
the Department of Pensions and Na- 
tional Health. 

Members in the Association totaled 
768 as of June 15. 

Speakers included Dr. G. M. Weir, 
Acting Director of Training, Dept. of 
Pensions and National Health, Ottawa, 
who spoke on “Jobs for the Fit and Fit- 
ting the Unfit for Jobs,” in which he 
dealt with the rehabilitation problem 
and outlined what the Government is 
doing to solve it. He called on industry 
to co!laborate with rehabilitation officers 
in at least three phases of training: 

(a) Selection and sponsorship of trainees 
for the specific industry concerned ; 





(b) Curricula and Instruction—in order 
that the training may be more closely related 
to the practical needs of the industry in ques- 
tion and of similar industries; 


(c) Placement of trainees and their subse- 
quent supervision or retraining. 


E. V. Sayles, General Engineering Su- 
pervisor, Consumers Power Co., Jack- 
son, Mich., and past chairman of the 
EEI ‘Transmission and _ Distribution 
Committee, spoke on ‘Problems ahead 
for Electric Utilities which offer the 
Greatest Possib!e Opportunities for Fur- 
ther Study.” “The engineer,” said Mr. 
Sayles, “must be so intimately acquaint- 
ed and closely associated with the op- 
eration of the generation, transmission 
and distribution portions of the system 
that he has a keen sense of balance be- 
tween the two somewhat divergent de- 
sires of low plant investment and ex- 
pense of operation.” 

Suggestions are made relative to the 
method of serving far greater load in 
the future and are intended to indicate 
ideas worthy of future study. 

Three principal classes of problems 
will have to be studied, i.e.: 


(1) Power requirements of individual in- 
dustrial customers where manufacturing 
changes require immediate attention. 

(2) Deferred maintenance and construc- 
tion resulting from scarcity of labor and ma- 
terials. 


(3) Long range studies based on estimates 
of future load growth influenced by such 
factors as then seem proper. 


J. T. Crowder, secretary-manager, 
National Industrial Federation, Toron- 
to, spoke on the development of the 
CED plan for Canadian industries’ 
post-war program and called on member 
companies for their support in this im- 
portant undertaking. 

Various Committee reports were pre- 
sented and discussed at concurrent meet- 
ings of the Utilization and Sales and 
Engineering Sections. 

Officers elected for the coming year 
are as follows: President, J. B. Hayes; 
Vice-Presidents, J. K. Wilson, E. V. 
Caton and H. E. Pawson; Treasurer, 
W. Booth; Managing Director, B. C. 
Fairchild. 

The Executive Committee consists of 
Messrs. W. D. Bracken, A. C. Brittain, 
J. J. Doolan, E. D. Gray-Donald, B. 
M. Hil’, T. Ingledow, Geo. Kirlin, F. 
Krug, F. L. Lawton, G. D. Leacock, 
I. M. MacLean, I. A. Mahon, E. C. 
McGovern. W. H. Munro, J. N. Si- 
card, F. Walker, W. R. Way and F. T. 
Wyman. 
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A. C. BLINN, president of Ohio Edi- 
son Company, has been elevated to the 
chairmanship of the board and WaAL- 
TER H. SAMMis, who became a vice- 
president of Ohio Edison Company in 
1933, was elected president to succeed 
Mr. Blinn. 

President of the Company since 1938, 
Mr. Blinn has been identified with Ohio 
Edison and its predecessors since 1916, 
at which time he went to Akron as 
vice-president and general manager of 
the Northern Ohio Traction and Light 
Company. He brought about the en- 
largement of that utility and was ac- 
tive in the consolidation in 1930 of the 
Ohio company with the Pennsylvania- 
Ohio Power and Light Company, an- 
other utility, into the Ohio Edison Com- 
pany, being made vice-president and gen- 
eral manager of the new company. 

Mr. Sammis, the new president, is a 
native of the Village of Hempstead, 
Long Island and is 48 years of age. He 
graduated from Columbia University in 
electrical engineering in 1917, and served 
in World War I as machinist in the 
navy and later as ensign. His first em- 
ployment in the utility industry began 
as an electrician’s helper with the Brook- 
lyn Rapid Transit Company. Then he 
became a switchboard operator in a 
steam electric plant of the Public Ser- 
vice Electric and Gas Company in Jer- 
sey City, N. J. In 1920 he joined the 
engineering staff of Consumers Power 
at Jackson, Mich., and in 1922 was 
made power sales engineer for that com- 
pany. He was employed by C. H. Ten- 
ney & Company of Boston in 1925 on 
power sales and rate analysis work for 
various electric utilities. He rejoined 
Consumers Power in 1926 and three 
years later went to New York with a 
predecessor of The Commonwealth & 
Southern Corporation, holding company 
for Ohio Edison Company. 

Beginning in 1933, he became closely 
associated with the operation of both 
Ohio Edison and Pennsylvania Power 
Companies as vice-president and _presi- 
dent respectively of the two utilities. 

Prior to becoming president of Ohio 
Edison Company, Mr. Sammis resigned 
as a director and vice-president of The 
Commonwealth & Southern Corporation 


(N. Y.) and as a director and vice- 
president of Consumers Power Com- 
pany. 

Mr. Sammis is well known in public 
utility circles and has taken an active 
part for many years in matters pertain- 
ing to the growth and development of 
the light and power industry. He is on 
the board of directors and also the ex- 
ecutive committee of the Edison Electric 
Institute. 


JoHn T. KIMBALL has been elected 
a vice-president and director of New 
York Power and Light Corporation and 
also a vice-president of the Central New 
York Power Corporation, whose head- 
quarters are at Syracuse. 

Since 1932 Mr. Kimball has been rate 
and valuation engineer for the com- 
panies in the Niagara Hudson System. 
He will continue to act as a consultant 
for the companies in the western divi- 
sion of the Niagara Hudson System. 

Mr. Kimball was born in Janesville, 
Wis., and was graduated from the Uni- 
versity of Wisconsin with a degree of 
Bachelor of Science in Electrical En- 
gineering. From 1914 to 1915 he was 
a valuation engineer with the Bell Tele- 
phone System in Chicago, and for the 
next two years was a staff engineer with 
the Wisconsin Railroad Commission. 
From 1918 until coming with Niagara 
Hudson in 1932 Mr. Kimball was on 
the staff of Ford, Bacon & Davis, Inc., 
consulting engineers, in New York City. 


Dean C. Ober has been elected a 
vice-president of The Cleveland Elec- 
tric Illuminating Company. He will be 
in charge of engineering and operations. 

Mr. Obert began his career with the 
company while a student of electrical 
engineering at Case School of Applied 
Science, working for the company dur- 
ing his college vacations. 

He was graduated from Case in 1913, 
and a year later went to work for the 
company as an electrical engineer. In 
1933 he was promoted to executive en- 
gineer and later was appointed manager 
of operations. 

Mr. Ober was born in Chagrin Falls. 
He now lives at 1836 Sheldon Avenue, 
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East Cleveland, with his wife and son. 
He has two married daughters. 


Henry M. GALLAGHER, Waseca, 
former Chief Justice of the Minnesota 
Supreme Count, has been elected a di- 
rector of the Northern States Power 
Company of Minnesota. 

Judge Gallagher was born on a farm 
in Waseca County, Sept. 10, 1885. He 
was educated in the grade and high 
schools of Waseca and was graduated 
from the Law College of Creighton Uni- 
versity, Omaha, Neb., with a Bachelor 
of Laws Degree in 1910. In 1938 he 
served as president of the Creighton 
University Alumni Association of Min- 
nesota. He was admitted to practice 
before the State Bars of Minnesota and 
Nebraska that year and practiced law 
at Waseca from 1910 to 1937. 

He served as Municipal Judge at 
Waseca 1912-1914 and was County 
Attorney of Waseca County 1914-1915 
and again from 1918 to 1922. He served 
as a member of the State Board of Law 
Examiners from 1926 to 1931 and as 
a member of the Minnesota State In- 
dustrial Commission during 1931 and 
1932. 

He was appointed Chief Justice of 
the Minnesota Supreme Court in Feb- 
ruary, 1937, and was re-elected in 1938 
by the greatest vote and majority in the 
history of the state for judicial office. 
He served until January, 1944, when he 
retired to resume private practice. 


WaLtteR J. THOMPSON, manager of 
the Advertising Bureau and director of 
public relations for the Buffalo Niagara 
& Eastern Power Corporation, has been 
appointed vice-president of the corpora- 
tion. 

Mr. Thompson joined the corporation 
in December, 1930, as editor of its em- 
ployee magazine, The Niagara Hudson 
News. Three years later he was named 
manager. of the Advertising Bureau 
which he has headed since that time. 

A native of Buffalo, the new vice- 
president was graduated from Canisius 
High School. He received his A. B. de- 
gree from Georgetown University and 
also attended Harvard Law School. 

Following his graduation from col- 
lege, he worked as a newspaper reporter 
in Washington, D. C. From 1926 to 
1930 he was assistant supervisor of pub- 
lic relations for the International Rail- 
way Company. He was elected presi- 


dent of the Buffalo Junior Chamber of 
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Commerce for the year 1934-35, is a 
captain and intelligence officer of New 
York State Wing, Civil Air Patrol, vice- 
president of the Buffalo Public Relations 
Council, a member of the operating 
committee of the USO, and a member 
of the Buffalo Chamber of Commerce, 
and of the Erie County Committee for 
Economic Development. 

J. ArtHuR Apsey, Display Supervi- 
sor of Buffalo, Niagara & Eastern Pow- 
er Corporation, has been promoted to 
manager of the Advertising Bureau. 

DonaLp C. FRANK, assistant super- 
visor, will succeed Mr. Apsey as super- 
visor of exhibits and displays. 

Mr. Apsey will handle the company’s 
commercial advertising, radio and direct 
mail and post-war sales advertising. All 
public relations activities will continue 
under the direction of vice-president 
Walter J. Thompson. 

The new commercial advertising man- 
ager is a native of Buffalo and received 
his education at old Masten Park High 
School and the Albright Art School. He 
entered the service of the company in 
1929 as a window trimmer and became 
supervisor of window and store displays 
in 1935. 

Mr. Frank has been in the display 
department of the company since 1930. 


Epwarp T. AUGUSTINE has been ap- 
pointed assistant chief engineer of the 
Western Massachusetts Electric Com- 
pany. He was formerly district engineer 
in the western division of the Western 
Massachusetts Electric Company, with 
headquarters in Pittsfield. In his new 
position, he will be located in Spring- 
field. 

Mr. Augustine was born in Centralia, 
Columbia County, Pa. He graduated 
from the Thomas S. Clarkson Memorial 
College of Technology, Potsdam, N. Y.., 
in 1924 with the degree of bachelor of 
science in electrical engineering. He 
received the degree of master of science 
in electrical engineering in 1926, and 
the degree of electrical engineer in 1928. 

Following his graduation from col- 
lege in 1924, he entered the employ of 
the General Electric Company as a stu- 
dent engineer, and spent a total of 17 
months in the testing departments in the 
Schenectady, N. Y. and _ Pittsfield, 
Mass., plants. 

From 1926 to 1929 he was employed 
by the Philadelphia Electric Company 
as an engineer in the electrical engineer- 
ing department. 
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He joined the Western Massachusetts 
Companies’ organization. in 1929, as 
system planning engineer in the elec- 
trical engineering department. In 1932 
he was transferred to Pittsfield as dis- 
trict engineer. 

Jairus F. Burt, since 1932 promo- 
tional sales manager of the western di- 
vision, Western Massachusetts Electric 
Company, Pittsfield, has been appointed 
assistant manager, following the promo- 
tion of C. S$. Van Buskirk. Mr. Burt 
was born in Easthampton, Mass., and 
after serving in the U. S. Navy in 
World I was in the General Electric 
laboratory for a year, after which he 
took a two-year course at Pratt Institute, 
Brooklyn, N. Y., in industrial engineer- 
ing. He returned to General Electric 
and served at Bloomfield, N. J., 
Schenectady and Pittsfield. In 1924 he 
joined the Pittsfield utility as a lighting 
specialist, and in 1928 was made sales 
manager in charge of electrical mer- 
chandise. In 1931 he was transferred 
to Springfield, Mass., as assistant to the 
general sales manager of the Springfield 
section of the Western Massachusetts 
group, returning to Pittsfield in his re- 
cent position in 1932. 


L. V. SuTTON, president of the Caro- 
lina Power & Light Company was 
awarded the honorary degree of doctor 
of engineering by North Carolina State 
College at the recent commencement 
exercises. 


L. W. Nims, military liaison officer 
for the Utah Power & Light Company 
since 1940, recently was appointed di- 
rector of personnel for that concern fol- 
lowing the resignation of Dr. ApAm S. 
BENNION, who had carried the duties 
as assistant to the president. As military 
liaison officer, Mr. Nims, has aided war 
establishments in making use of electri- 
cal facilities and has directed the pro- 
tection of the company’s properties 
against subversive activities. A veteran 
Utah Power employee, Mr. Nims has 
served as power plant operator, division 
superintendent, traveling maintenance 
engineer, system power dispatcher and as 
division manager at Ogden and Provo, 
Utah, and Rexburg, Idaho. Before 
joining Utah Power, he served four 
years in Mexico on construction work 
for the Mexican Light & Power Com- 
pany. 


J. L. SHores has been named safety 
engineer of the Alabama Power Com- 
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pany to succeed Joe Speed, resigned. Mr. 
Shores has been in the safety depart- 
ment of the company since 1925 and 
since 1938 has been safety engineer for 
the eastern and western divisions, Gor- 
gas and Gadsden steam plants, and Lay 
and Mitchell dams. 


ALFRED M. Wape, manager of the 
Rockville-Stafford district of the Con- 
necticut Light & Power Company since 
December, 1941, has succeeded the late 
Frederick J. Lyon as manager of the 
Greenwich district. Mr. Wade is a 
graduate of Union College, Schenectady, 
N. Y., and joined the company in 192+ 
in the advertising department. In 1928 
he resigned to enter the service of the 
General Motors organization, and later 
spent three years as assistant sales man- 
ager in India. He returned to the Con- 
necticut utility in 1932, joining the sales 
department, and nine years later went 
to Rockville. Donald R. Weekes, Green- 
wich office manager, has become man- 
ager at Rockville, and has been succeeded 
at Greenwich by J. George Westerman, 
former traveling auditor of the company. 
Mr. Weekes joined the company in 1928 
and was appointed to his late post in 
Greenwich in 1934. Mr. Westerman 
entered the company’s service in 1929 
and has been on the traveling auditing 
staff since 1936. 

Henry C. CuHapin, former district 
engineer at Greenwich, has been ap- 
pointed electric foreman for the south- 
ern division, having charge of all sub- 
station operation and maintenance in 
Greenwich, Norwalk and five other mu- 
nicipalities. Daniel Forger, who entered 
the company in 1922 as a meterman, and 
who has since worked on electric distri- 
bution layouts, maintenance and con- 
struction as assistant engineer, becomes 
district engineer at Greenwich. 





Higher Distribution Voltages 
for Post-War Loads 


(Continued from page 252) 


at least sacrifice nothing of safety to work- 
men and to the public. Lines can be worked 
alive with little, if any, added cost, and with 
probably greater safety than prevailing 4-kv 
lines worked with rubber gloves and guards. 
Tree clearance in the overall is not a more 
extensive problem. 

(5) Simplified construction, encouraged by 
the fewer wires, especially in residential 
areas where single-phase laterals predomi- 
nate, lends much to improved appearance. 

(6) That these conclusions are well found- 
ed is borne out by a steadily enlarging back- 
ground of experience of many companies. 
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The Heat Pump 


(Continued from page 247) 


home. On the contrary, it is all set 
to make every home it can reach 
less electrical than it is today. We 
should have no quarrel with them 
for that attitude. But those in the 
electric industry who have no gas 
responsibilities are particularly con- 
cerned with expanding electric use. 
It is this group, therefore, that 
must make up in enthusiasm and 
intensity of effort for the failure 
of the electric industry to do more 
than it has done to date with the 
heat pump idea. They have to make 
up for a lot of time lost in the last 
decade in the course of which the 
competition to electric heating of 
homes has made large forward 
strides. But it may not be too late. 
All the above I believe are sound sug- 
gestions and should be adopted by every 
utility interested in protecting its domes- 
tic market and in the expansion of elec- 
tric use on a scale heretofore and, with- 
out it even now, almost inconceivable. 
The all-electric home? Certainly. It 
can be brought about and made as real 
as electric lighting in almost every Amer- 
ican home. But in the vast majority of 
cases it will not earn the right to be 
called all-electric until it is heated elec- 
trically. The heat pump appears to be 
the only practical means known today 
or discernible on the horizon for bring- 
ing this about. Let us initiate some 
earnest efforts to make it a reality. 


Discussion of Mr. Monteith’s 
Address 


(Continued from page 261) 


same time we go a long distance toward 
meeting competition from public power. 

I want to add a further word about 
making capital improvements to save op- 
erating labor—the introduction of labor 
saving devices if you wish. It may sound 
like fakery to talk about that now when 
we know we will have a legal and moral 
obligation perhaps within the next year 
to take back our employees who are now 
in military service, but the matter is 
really one of timing. In the long run 
we know that better standards of living 
and our whole economic salvation is de- 
pendent on improved labor efficiency. 
We know that the total number of em- 
ployees in the electric industry will not 
decline because the best we can achieve 
in improving the efficiency of labor by 
mechanical means will be more than off- 
set by our growth in load. To the extent 
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CONVENTIONS AND MEETINGS 


SEPTEMBER 
12-13 Accident Prevention Committee, EEI Headquarters, New York, N. Y. 
14-16 Illuminating Engineering Society, Edgewater Beach Hotel, Chicago, IIl. 
20-22 Indiana Electric Association, French Lick Springs Hotel, French Lick Springs, 





21 American Standards Association, Standards Council, New York, N. Y. 


OCTOBER 


2-3. Prime Movers Committee, EEI, William Penn Hotel, Pittsburgh, Pa. 

3-5 National Safety Congress of National Safety Council, Chicago, III. 

5-6 Electrical Equipment Committee, EEI, Schenley Hotel, Pittsburgh, Pa. 

9-10 Transmission and Distribution Committee, EEI, Hotel Statler, Buffalo, N. Y. 
2-14 Southeastern Electric Exchange, Sales Conference, Atlanta, Ga. 

23-27 National Electrical Manufacturers Association, Waldorf-Astoria Hotel, New 


NOVEMBER 
27-30 American Society of Mechanical Engineers, New York, N. Y. 








then that we are able to use a surplus 
of labor now or soon when we must 
employ it in the interest of our future 
welfare, for the purpose of constructing 
facilities that will provide future savings 
of labor and other operating economies, 
to that extent we are adding to the fu- 
ture ultimate welfare. 

In such a short discussion one can only 
hint at the economic implications of Mr. 
Monteith’s paper. I have tried, however, 
to stimulate the growing consciousness 
that we must do something about our 
operating costs and that this endeavor 
must have a place in our defense against 
the encroachment of public power. I 
think we will be well advised to accept 
and encourage all the help we can get 
from the manufacturers in this effort. 


Where Do We Gor 
(Continued from page 267) 


regardless of the fact that at one time 
the management of his company might 
have told him he would be supported in 
his efforts. It takes continuous support. 

Let me repeat the plea I made to the 
Operating Committee last November. 
Would you be willing to give one hour 
per month, every month in the year, to 
accident prevention? That seems little 
enough for planned attention. Of course 
you might have to attend some safety 
functions and things of that sort on the 
side, but for a continuous part of your 
working program, a one hour minimum 
budget can do wonders. Here are some 
suggestions as to how that hour should 
be spent to produce results. You may 
think of other ways, and for your men’s 
sake don’t limit yourself to one hour 
unless you are badly pushed for time. 

First, cal' in your safety director, your 
personnel director and your executive 
staff. Lay the reports in front of them 


and ask them how you stand with rela- 
tion to the industry record. Ask them 
what they are doing to prevent accidents. 
They will give you a nice set of answers 
(we all know the correct answers), but 
keep on digging a little to let them know 
you don’t want “pat” answers, but facts. 
Every company, of course, has safety 
rules, and of course every company is 
sold on accident prevention. Apparently 
that doesn’t stop accidents. You real-y 
have to enforce your safety rules, and 
you really have to sell every one that an 
efficient job is a safe job, and you have 
to fix responsibilities for an accident 
when it happens. If you will just take 
a few minutes to make it known that 
you are damned well interested in the 
matter, you will have done something 
for which there is no substitute. Your 
outfit will know you want results. 


And now comes the second step, which, if 
possible, is more important than the first. 
Once each month thereafter call together the 
same group as above and ask for a progress 
report. As a part of your hour’s job, take 
an accident, ask the safety director to analyze 
it, and fix the responsibilities. Just do that 
once a month and watch your accident record 
improve. 

I cannot presume to say what the ultimate 
goal might be in preventing accidents. Ouf 
committee feels that a 50% reduction in oun 
present rates is entirely feasible. Many com 
panies have done much better than that, bu 
we can’t hope for the entire industry to b 
that good. If we can make a 50% reductio 
we will save every year approximately 5 
men’s lives and about 2 millions of dollars 
plus countless hours of suffering. It seems t 
us that this goal is worthy of effort t 
achieve. Your undoubted interest and sup 
port is tremendously valuable and appre 
ciated, but if all our present effort is onl 
sufficient to hold our records level, then w 
have to do more than we are now doin 
Those of you whose records are not no 
better than the industry average have a rig 
to demand “why”? And if you are lookin 
for some way to help, try my suggestio 
above unless you can think of a better on 
The main idea is, let’s get off dead cente 
and get going somewhere. Maybe it will 4 
in the direction of greater safety. 
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5. Fe. FAI, FOIA oo in oc cctv cnssce say The Detroit Edison Company, Detroit, Mich. 
H. B. Bryans, Vice-President..........0.000000: Philadelphia Electric Company, Philadelphia, Pa. 
H. S. Bennion, Vice-President and Managing Director....420 Lexington Avenue, N. Y. 17, N. Y. 
GitBErt W. CHAPMAN, po ey American Water Works and Electric Co. Inc., N. Y. 
Mae B. Woops, Secretary <h PEER Pre er ee 420 Lexington Avenue, New York 17, a Vs 
BOARD OF DIRECTORS 

(Terms Expiring 1945) 
MN Geib ook awe ch deca sun swan Philadelphia Electric Company, Philadelphia, Pa. 
a Re ids ts a scans Ala eee eae ee Boston Edison Company, Boston, Mass. 
Se ER 00 640 nes cane scbheans Virginia Electric & Power Company, Richmond, W. Va. 
a ee PIII: 6g xuiinaetceeynaces The Connecticut Light & Power Company, Hartford, Conn. 
FOE eT reer Puget Sound Power & Light Co., Seattle, Wash. 
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W. H. Sammnis........ Pe ree Fas Nee oF The Ohio Edison Company, Akron, Ohio 
BEMIS oo 6 ss acs vic awe om American Gas and Electric Service Company, New York, N. Y. 
RN re eae Pree Carolina Power & Light Company, Raleigh, N. C. 
E. S. THOMPSON..........264 American Water Works and Electric Company, Inc., New York, N. Y. 
BS ee ren re Penn rarer Wisconsin Electric Power Company, Milwaukee, Wis. 
eae Gh ah Gackamha cen acss iowcaey Public Service Electric and Gas Company, Newark, N. J. 
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es a a sac aad sank one The Cincinnati Gas & Electric Company, Cincinnati, Ohio 
ty Me vidk cone Ouackdmiss oeseees kana Ebasco Services Incorporated, New York, N. Y. 
UN I ven cenenn secaeees Buffalo Niagara and Eastern Power Corp., Buffalo, N. Y. 
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ee ee rer Indianapolis Power and Light Company, Indianapolis, Ind. 
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